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ABSTRACT

This report contains the research results from 1988 research grant
NAG8-641 from NASA/MSFC and a follow on 1989 contract NAS8-36955.
Therefore, some of the results in this report were documented in the
final report, Automatic Programming of Simulation Models, UAH Report 725,
September 1988.




1.0 INTRODUCTION

The concepts of software engineering offer an approach to minimizing
software development problems and to improving the overall simulation
modeling environment. Software engineering encompasses the entire 1life
cycle process by which a program is conceptualized, structured, programmed,
verified, validated, and maintained. The goal of software engineering is
to develop quality code, on time, and within budget. To meet this goal
requires a variety of programming tools such as a good language with a
library of reusable modules, a flexible editor, and a potent debugger.

The focus of this research project is on using the concepts of soft-
ware engineering to improve the simulation modeling environment. Of spe-
cial interest is to apply an element of rapid prototyping, or automatic
programming, to assist the modeler define the problem specification. Then,
once the problem specification has been defined, an automatic code genera-
tor is used to write the simulation code.

The following two domains were selected for evaluating the concepts
of software engineering for discrete event simulation: manufacturing
domain and a spacecraft countdown network sequence.

The specific tasks for this follow-on contract were to:

1. Define the software requirements for a graphical user interface

to the Automatic Manufacturing Programming System (AMPS) system.

2. Develop a graphical user interface for AMPS.

3. Compare the AMPS graphical interface with the AMPS interactive

user interface.



2.0 MODELING LIFE CYCLE

There has been considerable interest in improving the process for
developing simulation models. One area of interest is the development of
simulation support environments. Henriksen (1983) suggests a simulation
software development environment composed of a set of integrated software
tools. Standridge (1983) proposes the integration of software tools and
database management techniques on each stage of the simulation model deve-
lopment process. Pidd (1984) also outlines a simulation support environ-
ment concept for handling one simulation problem at a time.

Overstreet and Nance (1985) emphasize the need of a specification
language to assist in analysis of discrete event simulation models. Balci
(1986) describes the requirements for general model development environ-
ments with focus on discrete event simulation modeling. Balci and Nance
(1987) report a simulation support system for prototyping the automation-
based paradigm. Rozenblit and Ziegler (1985) set up a conceptual framework
for constructing knowledge-based, computer-aided environment for hierarchi-
cal, modular discrete-event modeling.

More recently, the Semiconductor Manufacturing Technology Initiative
(SEMATECH) 1is developing a coherent modeling environment called CHIPS
(Coherent Intergrated Planning System). CHIPS consists of five major modu-
les: process flow analysis module, queueing network analysis module, system
simulation module language, and a cost analysis module (Phillips, et al
1989). SEMATECH is a cooperative project between industry and government
with the goal to recover the world leadership in semiconductor manufac-

turing.



Figure 1 outlines the phases of the model life cycle (Balci 1986 and
Nance 1988). Basically, the modeling process is iterative rather than
sequential as indicated in Figure 1. That is, the modeler goes back and
forth between the various phases during the modeling process. ‘

Figure 1 can be considered as the traditional approach to simulation
modeling (Balci 1986 and Nance et al 1988). The same process also applies
to general modeling problems. The process consists of six stages described
on the left side of the figure. On the right side, different types of
models generated at different stages through the process are Tisted. For
example, a conceptual model of a manufacturing system may be the
understanding of the system by the modeler and in the mind of the modeler.
A communicative model of the manufacturing system may be a graphic repre-
sentation of the system in the form of a block diagram, flowchart, or net-
work diagram. A GPSS simulation program of the manufacturing system is a

programmed model. The model results are generated by executing the program.

3.0 SOFTWARE ENGINEERING IN THE MODELING LIFE CYCLE

Rapid prototyping is a technique used in software engineering for
capturing system requirements early in the modeling life cycle so that
these requirements can be evaluated, tested, verified and validated early
in the process before starting the actual coding. The end result of rapid
prototyping is the potential for large increases in productivity.

An element of rapid prototyping is the automatic conversion of the
communicative model into executable code. Automatic Programming (AP) is
defined as the automation of some aspects of the computer programming pro-

cess (Barr 1982). This automation is accomplished by developing another
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program, an automation programming system, that raises the level of
satisfying computer program instructions. In other words, an AP system
helps programmers write programs. AP systems improve the overall environ-
ment for defining and writing programs (Brazier and Shannon 1987).
Consequently, there should be a reduction in the amount of detail that the
programmer needs to know.

To write simulation programs automatically, two phases in the
simulation modeling process are usually automated. The first phase is the
automation of the process of specifying the problem. The second phase, and
the more difficult phase, is the automatic generation of executable code in

the target simulation language.

3.1 Problem Specification

Figure 2 shows the overlaying of automatic programming onto the
modeling 1ife cycle in Figure 1. Phase II, model development, has been
replaced by a user interface program that assists the modeler in defining
the problem specification.

The automatic problem specification can be considered as an intelli-
gent assistant to the user in defining the simulation model. Some authors
call this approach the specification acquisition element of the simulation
model construction (Murray and Sheppard 1988).

Three approaches for assisting the user in defining the simulation
model or problem specification are:

°Natural language interface

°Interactive graphical interface

°Interactive dialogue interface
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There is a fourth approach for assisting in the definition of
problem specification, which is the use of a high-level specification
language. This approach is less domain specific. However, the use of a
high-level specification language requires the wuser to learn another

language in order to define a problem.

3.1.1 Natural language interface

The Natural Language Interface (NLI) allows the user to specify the
problem in free text format to the computer via a keyboard. The NLI then
attempts to parse the text and automatically generate the simulation code
in the target language. Most NLI's communicate interactively with the user
to identify missing information and possible inconsistencies. The Natural

Language Programming for Queueing Simulations (NLPQ) (Heidorn 1974) and the

"Electronic Manufacturing Simulation System (EMSS) (Ford and Schroer 1987)

are two examples of a NLI.

3.1.2 Interactive graphical interface

The second approach to assist the user in specifying the problem is
an Interactive Graphical Interface (IGI), which is less difficult than the
NLI. An IGI consists of a menu of icons that are mouse selectable by the
user in constructing a graphical representation of the system being simu-
lated. Once the system has been constructed, the user inputs the attribu-
tes corresponding to the icons through the keyboard.

An example of an IGI is by Khosnevis and Chen (1986) who developed
an object-oriented approach for graphically modeling a system. This system

js rule-based and written in common LISP on an IBM PC. Once the graphical
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description of the model is completed, the system automatically generates

the equivalent SLAM simulation code.

3.1.3 Interactive dialogue interface

The third approach to assist the user in defining the problem speci-
fication is the Interactive Dialogue Interface (IDI). An IDI consists of a
series of questions that are asked the user. Among the three approaches
for defining the problem specification, the interactive dialogue interface
is the one most commonly used by developers.

Several systems have been developed using the interactive dialogue
approach. Haddock and Davis (1985) have developed a Flexible Manufacturing
System (FMS) simulation generator. Brazier and Shannon (1987) have deve-
loped an automatic programming system for modeling Automated Guided Vehicle
System (AGVS). Murray and Sheppard (1988) have developed a Knowledge Based
Model Construction (KBMC) system to automate model definition and code

generation. These last three systems generate SIMAN code.

3.2 Automatic simulation code generation

In Figure 1, Phase III, write model, has been replaced in Figure 2
by an automatic code generation program. Basically, two approaches exist
for taking the internal problem specification and then automatically
generating executable code in the target simulation language. The first
approach 1is to generate simulation code directly from the internal repre-
sentation of the problem specification.

A second approach is to use a library of predefined macros to assist

in the automatic generation of the simulation code. The advantage of such



an approach is the ability to solve more specialized problems than those
previously discussed in the Tliterature. The disadvantage is that most
macros are domain specific. As a result, additional macros are needed to

solve another problem domain.

4.0 AUTOMATIC MANUFACTURING PROGRAMMING SYSTEM (AMPS)

4.1 Introduction

The Automatic Manufacturing Programming System (AMPS) is a software
engineering tool for rapidly prototyping selected phases of the simulation
process for domain specific manufacturing systems. The AMPS system con-
sists of the following elements:

°A set of generic manufacturing modules written in GPSS/PC (Minuteman

1986)

°An interface program for extracting the problem from the user and

for creating a problem specification file

°An automatic code generator program for creating the code in the

target simulation language GPSS/PC

The AMPS system domain is those manufacturing systems that can be

described as having:

°Assembly and subassembly lines where parts are being added to an

assembly.

°Manufacturing cells that are providing parts to the assembly and

subassembly lines.

°Inventory of parts being moved between the manufacturing cells and

subassembly lines.



4.2 AMPS System Overview

Figure 3 is an overview of the AMPS system operation. Once the user
has scoped the problem domain, the user sits at a workstation and responds
to the questions from the interface program. Based on the responses, the
interface program creates an internal problem specification file. This
file includes the manufacturing process network flow and the attributes for
all stations, cells and stock points. The problem specification file is
then used as input to the automatic code generator program which generates
the simulation program in the target language GPSS/PC.

The user then adds the experimental frame, such as the run state-
ments, and the GPSS/PC simulation program is executed. To change the
GPSS/PC model, the user recalls the problem specification. The user inter-
face then provides the simulationist with a number of options to change or
modify the problem specification. The code generator will then rewrite the

GPSS program.

4.3 Library of GPSS Macros

In analyzing most manufacturing systems at the macro level, the
following function are generally similar in nature:

° Assembly - adding part X to part Y resulting in part Z

° Fabrication - making of part X from part Y

° Inspection - inspecting part X

° Inventory transfer - moving part X or a cart of part X from stock

point A to stock point B
° Simple operation - performing an operation on part X resulting in

a modified part X

10



User Library of
GPSS/PC

macros

!

‘ ‘ Automatic
User interface | Problem code generator
program specification program

li !

GPSS/PC
simulation
program

S

L

GPSS/PC
User Qefines simulation
experiment system

NS

POs;;]ible /1 Simulation
problem model results
modifications \f ‘

Figure 3. AMPS system overview

11



These five functions represent the current domain of manufacturing
functions within the AMPS system. Once the manufacturing functions have
been defined, GPSS subroutines are written for the functions (see Appendix
A). These routines constitute a library of predefined GPSS subroutines, or
macros. This 1library of macros is then called, when needed, in the
construction of the GPSS simulation model. Currently, the AMPS system has
the following five GPSS subroutines:

° Assembly

° Manufacturing

-]

Inventory transfer

° Inspection

° Task

In a recent article on SEMATECH (Phillips, et al 1989), researchers
have identified ten machine modules for the semiconductor manufacturing
domain.,  Furthermore, the SEMATECH group has indicated that possibly no
more than 16-20 generic machine modules may be required to completely
represent the semiconductor manufacturing environment.

Figure 4 briefly describes each of these macros. For example, the
assembly station macro has the capability of simulating the adding of a
variety of different items to the incoming part resulting in a modified
part that is then transferred to the next destination, a station or stock
point. For example, in Figure 4, station STAl may assemble two part C's
and three part D's to the incoming part A resulting in Part B.

The manufacturing cell makes a cart of specified parts when an order
ijs received. The cell can make multiple part types. For example, in

Figure 4, cell MC1 may make one part A fromn two part C's and three part D's

12
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and one part B from one part D. The task station performs an operation on
a part. For example, in Figure 4 an operation is performed at station STA4
on part E resulting in a modified part E. The inspection station inspects
a defined percentage of parts. Of those inspected, a defined percentage is
defective. Of those defective, a defined percentage is scrapped.

The inventory transfer macro grants part requests from an assembly
station or a manufacturing cell and checks if the inventory system is a
push or pull. For a pull system the macro orders a cart of parts by
sending an empty cart back to the source and sends a full cart of parts to

the demand stock point from the source stock point.

4.4 Sample Problem

Figure 5 is an example of a typical manufacturing system that can be
modeled by the AMPS system. The manufacturing system consists of one
assembly line, two subassembly lines, and two manufacturing cells. The
assembly line consists of two assembly stations, one task station and one
inspection station. Subassembly line 2 consists of one assembly station
and one task station while line 3 consists of two assembly stations.
Manufacturing cell MC1l provides part type C for assembly station ASSY1l and
part type H for assembly station ASSY8. Manufacturing cell MC2 provides
part type E for assembly station ASSY5 and part types F and G for assembly
station ASSY7. There are a variety of stock points, labeled A through L,
Tocated throughout the manufacturing system.

The GPSS program for the manufacturing system in Figure 5 that was
generated by AMPS consists of 344 blocks, of which 110 blocks are for the
five macros, 25 blocks are for the main program and 209 blocks are matrix

savevalues for defining the system attributes.

14



1

Incoming
raw materials
K

incoming Incoming
subassembly subassembly
Y z
! !
ASSYS <@4—-@<— ASSY7

TASK6

Subassembly line 3

C MCH -o@-—.@o ASSY8

<4——— Subassembly line 2

«-—

' ONG
fncoming

assembly

X —a{ ASSY! TASK2 ASSY3
Final
Assemply line | —————p ascempy

Figure 5. Manufacturing system

15



5.0 AUTOMATIC NETWORK PROGRAMMING SYSTEM (ANPS)

5.1 Introduction

Large simulation projects have been undertaken for the space
program. One of the projects involve simulating the countdown sequence
prior to spacecraft liftoff. A countdown has a number of constraints. For
example, on a lunar mission, these constraints may include allowable launch
azimuth, required earth orbit inclination, daylight at the lunar Tanding
area, and daylight at the primary recovery area. As a result of these
constraints, a launch window of only several hours could exist during three
consecutive days in a month.

Another constraint is the cryogenic propellents. The handling of
the cryogenic propellents prevent a launch hold from one day to the next.
For example, a launch that is scrubbed after the cryogenics have been
loaded is generally delayed at least until the third day within the launch
opportunity. In addition, a typical prelaunch consists of thousands of
events, both on the launch vehicle, as well as the ground support equip-
ment, that must be successfully completed to 1adnch within a given launch
window.

The Automatic Network Programming System (ANPS) is a tool to assist
the modeler of prelaunch countdown sequences define the problem, and to
then automatically generate the program code in the target simulation
Tanguage GPSS/PC. The domain of problems that can be solved by ANPS is the
prelaunch activities of space vehicles and the operation of supporting
ground support equipment. A broader domain is reliability network models

of hardware systems and subsystems.

16



5.2 Previous Research

Snyder et al. (1967) have developed a simulation model of the Saturn
V prelaunch activities beginning at T-24 hours and continuing through T-0
hours, or T1lift-off. This model was used to predict the probability of
launching the spacecraft within a given launch window. A second objective
of the model was to identify locations in the countdown for placing holds
and to determine the length of these holds. The model consisted of over
1100 vehicle subsystems and 400 ground support subsystems. A detailed time
line was developed showing the interrelationships of these subsystems. In
additions to the time 1line, the model input included operational data,
reliability data, and maintenance data. The model was written in GPSS-II
and ran on an IBM 360 computer.

The Synder model was expanded to include multiple launch windows and
the operational sequence when a 1éunch window was missed and the spacecraft
had to be recycled to the next launch window (Schroer 1969). The model was
used to predict the probability of launching a spacecraft within a given
set of back-to-back launch windows. A second objective was to predict the
probability of launching in a subsequent window, given a window had been
missed and a recycle sequence and a possible hold had to be executed before

resuming the countdown.

5.3 ANPS System Overview

The three AP elements in ANPS are an Interactive Dialogue Interface
(IDI), a 1library of software modules, and an automatic simulation code

generator.

17



The actual operation of ANPS is similar to AMPS (see Figure 3). The
ANPS system uses an interactive dialogue interface to assist the user
define the problem specification. Using this interface, the user sits at a
personal computer and enters into a dialogue with the ANPS system. Based
on the user's responses, the interactive interface creates an internal
problem specification file. This file includes the time line for the
countdown sequence, the attributes for the activities, and the dependent
relationships between the activities. The specification file is used by
the code generator program to create the simulation program in the target

simulation language GPSS/PC.

5.4 Library of GPSS Macros

Since the ANPS system is domain specific to prelaunch countdown

“sequences, the number of needed software modules is minimal. Consequently,

ANPS consists of the following four GPSS modules (see Appendix B):

° Fixed activity operation function (VENT _A)

° Continuous activity operation function (VENT _B)

° Activity failure function (FAIL)

° Activity interrupt function (XACT _ DELAY)

These modules were selected based on a detailed evaluation of the
two previously discussed models by Synder (1967) and Schroer (1969).
Interestingly, several of these previously developed modules were written
as Fortran HELP routines using the old GPSS-II.

The fixed activity operation function (VENT_A) simulates the opera-
tion of each fixed time activity and its time to failure. If the activity
fails during its operation, the transaction is fowarded to the activity

failure function (FAIL).

18



The continuous activity operation function (VENT_B) simulates the
operation of each continuous time activity and its time to failure. This
activity is not completed until all other related activities are completed.
For example, system power is a continuous time function that will be on
until all activities requiring power are completed. If the activity fails,
the transaction is fowarded to the activity failure function. (FAIL).

The activity failure function (FAIL) simulates the failure of an
activity as indicated by functions VENT _ A and VENT _ B. When an activity
fails, all the dependent activities enter a hold state. The function then
simulates the time to repair the activity. I[f another activity fails
during the delay of a dependent activity and the dependent activity is
dependent on the first failed activity, the additional time to repair, if
any, is added to the delay of the dependent activity. The failure function
assumes that a dependent activity that has been delayed cannot fail during
the delay. The activity interrrupt function XACT _DELAY contains the logic
to add any additional time to an activity on hold if another activity fails
during the hold and the held activity is dependent on the failed activity.

The ANPS macros impose the following constraints:

° An activity failure will cause that activity to be delayed until

the failure has been repaired.

° A1l dependent activities will also be delayed for the same time

until the failure has been repaired.

° If another activity fails during the delay of a dependent activity

and the dependent activity is also dependent on the just failed
activity, the additional time to repair, if any, is added to the

delay of the dependent activity.

19



° A dependent activity that has been delayed cannot fail during the
delay time and will not cause other dependent activities to be
delayed.

° No two continuous activities can end on the same node.

° No two activities can start from the same node and terminate on
the same node.

® No two activities can start from the same node and terminate on

the same node.

5.5 Sample Problem

Figure 6 1is a time 1line for a simplified prelaunch countdown
sequence consisting of 16 fixed activities and two continuous activities.
Figure 7 is the time line redrawn in the form of a network diagram and
structured for input to the ANPS system. The dotted 1ines in these figures
indicate time 1line constraints. For example, activities ACT1l and ACT15
must be completed before starting activity ACT12. ACT21 is a dummy acti-
vity with zero time that is used to impose the activity ACT15 constraint.

Several other dummy activities were also required to construct the
network diagram. For example, dummy activity ACT23 was added to simulate
the termination of the second continuous activity ACT2, since no more than
one continuous activity can end at a node. Also, dummy activity ACT19 was
added at the completion of activity ACTS since no two activities can start
from the same node, node 2, and end at the same node, node 4.

Table I contains the time attributes for the activites in the pre-
launch countdown. These attributes include activity duration, activity time

to failures, and activity time to repairs. Note that activities ACT1 and

20
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Table

Table

Countdown sequence attributes

Duration Failure Repair
Activity (hours) time (hours) time (minutes)

1 Continuous E(33) N(60,6)
2 Continuous E(33) N(60,6)
3 4 £E(12) N(30,3)
4 8 E(12) N(30,3)
5 6 £(12) N(60,6)
6 4 E(12) N(45,5)
7 4 £(12) N(45,5)
8 4 E(12) N(60,6)
9 8 £(12) N(60,6)
10 8 E(12) N(60,6)
11 6 £(12) N(45,5)
12 6 E(12) N(30,3)
13 4 E(12) N(60,6)
14 4 E(12) N(90,9)
15 10 £(12) N(60,6)
16 6 E(12) N(120,2)
17 4 E(12) N(60,6)
18 4 £(12) N(45,5)
19 Dummy - -
20 Durmy - -
21 Dunmy - -
22 Dummy - -
23 Dummy - -

Il. Operational

-

dependencies between activities

Activity

Dependent Activity
7 8 910

11 12 13 14 15

16 17 18 19 20

X X

X

|
QWO G B s N

21 22 23



ACT2 have continuous operation times. That 1is, these activities will
operate during the entire prelaunch countdown. An example of a continuous
activity is electrical power that may be needed to operate a numer of acti-
vities.

Table II contains the operational dependencies between the activi-
ties. In other words, the table gives the effect of an activity failure on
other activities in the prelaunch. For example, a failure of the con-
tinuous activity ACT1 will cause a stopping of activities ACT3, ACT4, ACTS,
ACT12, ACT13, and ACT18. Likewise, a failure of activity ACT4 will cause a
stopping of activity ACTS.

Figure 8 gives the distribution of time to complete the prelaunch
sequence in Figure 6. This distribution is based on the simulation of 200
launches. The mean time to complete the countdown is 34.2 hours. Launch
vehicle availability (LVA) is defined as the probability of launching
within a given launch window. The LVA for up to six hour window is given
in Figure 9. The LVA for a two hour window is 0.015 and increases to

0.596 for a six hour window.

6.0 DEVELOPMENTAL AP SYSTEMS

Table III contains a comparison of the six platforms that have been
developed for the AMPS and ANPS systems. Two programmers were used to
develop the systems. Programmer A was Mr. W.S. Dwan who was a graduate
student 1in computer science at the University of Alabama in Huntsville
(UAH). Mr. Dwan was experienced in LISP on a Symbolics workstation.
Programmer B was Mr. S5.X. Zhang who was a visiting scholar at UAH from

Northwestern Polytechnical University in Xian, China.
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Launch vehicle availability
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6.1 AMPS /Symbolics

The AMPS system was initially developed for the Symbolics 3620
workstation and used the Interactive Dialogue Interface (IDI). Figure 10
is a portion of a typical IDI dialogue. The AMPS system was written in LISP
by programmer A in six man months. The system consisted of 1,500 lines of
LISP code. The code production was 250 lines per month.

A detailed description and operation of the AMPS system is given in

UAH Report 720, Automated Manufacturing Programming System User's Manual,

September 1988. The system has been submitted to NASA COSMIC (reference #
28367). The AMPS/Symbolics system was also ported to the TI Explorer

workstation.

6.2 ANPS
ANPS was the second system developed and used with the IDI dialogue.
Figure 11 is a portion of a typical IDI dialogue. This system was deve-
loped by programmer B using Turbo Prolog on an IBM/PC. The system con-
sisted of 1,300 lines of code. The code production was 325 lines per month.
A detailed description and operation of the ANPS system is given in

UAH Report 735, Automatic Network Programming System User's Manual, October

1988. The system has been submitted to NASA COSMIC (reference #26091).

6.3 AMPS /PC

This version of AMP was developed in Turbo Pascal on an IBM/PC and
uses an IDI dialogue. The system was developed by programmer B using Turbo
Pascal (Borland 1987) on an IBM PC. The system consists of 1,900 lines of

code. The code production was 633 lines per month.
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HBov many types of final products to be made in the manufacturing system: 2
Nane of the product I: A
Nane of the product 2: B

Do you want to modify the input above? (Y or N) No.

TARARARRARARARARRAARRARRRRARANARRRRARARRE

*  Specification of product A

ARRRRARRARARRRARRRAARARARRARAAARRERE AR

AY

h Type of the facility used to produce product A at the final stage: Assembly line

Name of the line to produce product A: MAIN

Number of stations in line MAIN: 2

Capacity and initial inventory at the stock points:
Maginun number of parts at stock point: 2000
Initial number of parts at stock point: 0

Do you want to modify the input above? (Y or N) No.

RARRERRRARRRRRARRRARRARAAAAARARARARARARARSRALR

*  Description of line MAIN

RRRRRRRRRRARARRARARARARARARARRARRRAGRARRARAAS

Input process (Interarrival time of orders):
Time:
Distribution: Exponential
Mean: 100

Do you want to modify the input above? (Y or N) No.

station 1
(1) Station id: 1 _
(2) Type of station: Assembly station
(3) Station name: ONE
(4) Part required:
Number of part types required: 2
Name of part: C
Number of part: 1
Name of part: D '
Number of part: 2
(5) Time:
Distribution: Normal
Mean: 100
Standard deviation: 2

Do you want to modify the input above? (Y or N) No,

Figure 10. Typical IDI dialogue for AMPS/Symbolics
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Name of GFSS program file : EXAMPLEL
Name of GFSS problem specification file: SFECH
Number of activities : 7

Activity attributes

Activity name i $ACTH

Activity type (fiued/variable) : FIXED

Duration distribution type : CONSTANT
mean time T 20

Starting node number : 1

Endirg ncde number : 5

MTTF distribution type 1 CONSTANT
mean time : 110

MTTF distribution tvpe CONSTANT

“ ws

mean time )
Number of dependent activities : O

Do you want to modify the zabove input (¥ 'Mi: N

«

Figure 11. Typical IDI dialogue for ANPS
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A detail description and operation of the system is given in UAH

Report 723, Automatic Manufacturing Programming System User's Manual,

October 1988. The system has been accepted for publication by NASA COSMIC
(reference #28398).

6.4 AMPS /PC

This version of AMP is identical to the AMPS/PC in Section 6.3. The
only difference is this version is written in Turbo C (Borland 1988) for
the IBM/PC. The system consists of 1,300 lines of code. The code produc-
tion was 325 lines per month. This system has not been submitted to NASA

COSMIC.

6.5 AMPS /Graphics

This version of AMPS was developed for the Symbolics 3620 worksta-
tion and uses the Interactive Graphical Interface (IGI). The system was
written in LISP by programmer A in fifteen months. The system consists of
3,500 lines of code. The code production was 233 lines per month.

The AMP/Graphics system is documented in UAH Report 788, Automatic

Manufacturing Programming/Graphics, August 1989. The system is being sub-

mitted to NASA COSMIC. Since the AMPS/Graphics has been developed under

the followon contract, a more detailed discussion of the system follows.

6.5.1 AMPS/Graphics Overview

An overview of the AMPS/Graphics system is given in Figure 12. The
user sits at a Symbolics 3620 workstation to create or modify the model.

The output of the Interactive Graphical Interface (IGI) program is the
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Symbolics 3620

Library of
icons

Graphical
user
interface

Model
construction
rules

Problem
specification
file

Library of
GPSS/PC
macros

Automatic
code
generator

retrieve and
modify

create or
modify

User

Define experiment

IBM PC

GPSS/PC
program

Possible modifications

GPSS/PC
simulation

system

A 4

Report of
simulation
results

Figure 12. AMPS/Graphics system overview
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problem specification file. The automatic code generator program combines
the specification file with the selected GPSS/PC macros and writes the
simulation program. The program is then downloaded to the IBM PC and exe-
cuted by the GPSS/PC system. To modify the program, the user recalls the
problem specification file and the cycle repeated.

The tree structure of the AMPS commands is given in Figure 13. The
system consists of five menus: Main, Model, Layout, Specification and
GPSS. In summary, the Main Menu contains thg master control commands. The
Model Menu contains the commands for creating, editing, saving, and reading
models. The Layout Menu contains the commands for constructing the model.
The Specification Menu includes the commands for defining the model parame-
ters. The GPSS Menu contains the commands for writing the simulation code.

Figure 14 is a Tlist of the icons available in AMPS. These icons
serve as the construction blocks in defining a manufacturing system. To
define a manufacturing system the user selects these icons and develops a
process flow showing the various stations and the flow between the sta-
tions. Figure 15 gives all the feasible connections between the icons. For
example, it is not feasible to connect an inspection station to a manufac-
turing cell.

The function and connection rules for each of these icons are docu-
mented within the system. The user can click on an icon to learn the fun;-
tion .and the rules of the icon. A1l the connection rules are implemented
in the system as construction rules of the models. As the user creates a
model, the AMPS checks the partially completed model immediately for
possible local violations of the rules. For example, Figure 16 shows the

rules for an assembly station.
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Main Menu

v v v v o

Model Show GPSS Download Help  Quit

v v

Demonstration  System Information

Model Menu _
R R EE
Create Edit Save Read Erase Main Menu >

Layout Menu

v v v v v v

Draw Icons  Delete Objects Connect icons Layout Complete Grid Main Menu ——»

y
I Grid Menu |

v v v

On Off Layout Menu —

v

Specification Menu

v v v

Specify lcons  Specification Complete  Main Menu ——#

'

GPSS Menu
Create GPSS Main Menu >

Figure 13. AMPS/Graphics commands
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Icons

Function

P oo 0o PR @ ©@ 0 K

Assembly station

Starting point of an
assembly line

Demand stock point of
pull inventory system

Ending stock point for
final product

Inspection station

Manufacturing cell

Stock point for part
ordered from outside
stock point for

Push inventory system

Supply stock point of
pull inventory system

Task station

Figure 14.

Library of AMPS/Graphics icons
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Figure 15. Valid AMPS/Graphics icon connections
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oy - .. Automatic Manufacturing|
Model Show GPSS Dow

Assenbly station

Function: adding parts stored at the source stock
points to a part coming fron another
source and then transferring the assembled
part to the destination.

Rules: =« nust have one and only one source from one of
the following:
a station, or
a starting point.

« mist have at least one source from one
of the following:
a demand stock point,
an ordered-fron-outside stock point, ar
& push stock point.

« nust have one snd only one déatination from
one of the following:
a push stock point
an ending stock noint. or
a station.

Demand 1}
Puli Stock%‘?n%

@

Push Stock Point

©

Outside Stock Pt.

@

Starting Point

®

Anps comnand: Ending Point

Figure 16. Assembly station rules



When the process flow has been completely drawn, the AMPS/Graphics
will check the completeness of the structure. After the layout has passed
the check for completeness, the user enters the parameters of the manufac-
turing system. The user then clicks on each icon to input the specifica-
tion. A parameter menu will pop up on the screen. Figure 17 shows the
parameter menu of an inspection station. The user can move the cursor to
each field to enter the data. The system then performs additional
checking. For example, the AMPS will check whether the data are the right
types for the fields. The AMPS will make certain that an initial inventory

level is not larger than the capacity.

6.5.2 Sample Problem

Figure 18 is an example of a simple manufacturing system formulated
using the AMPS/Graphics system., The manufacturing system consists of an
assembly line, MAIN and two assembly stations, STAl and STA2. The assembly
line produces part A, Station STAl assembles part C to the incoming part
and passes it to station STA2. Station STA2 then assembles part B to the
incoming part from station STAl and produces part A. Part C is supplied
through a pull inventory control system from manufacturing cell MC. A part
C is made of parts D and E at the manufacturing cell MC. Parts B, D, and E
are supplied from outside sources.

Parts arriving at the assembly line follow the exponential distribu-
tion with a mean of 100. The assemble time of each of the two stations is
a constant 100. Station STAl requires one part C and station STA2 requires
one part B for an assembly. The stock point to hold the final product,

part A, has a capacity of 1000 units.
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Inspection Station

Station name: a string

Name of inspector: a string

Name of repairmain: a string

Name of place for scrap parts:a string

Inspection time distribution:normal Exponential Uniform Constant
a. Mean: a number
b. Standard deviation: a number

Repair time distribution:normal Exponential Uniform Constant

. ¢. Mean: a number
Inspection rate (between 0 and 1): 0

Reject (repair) rate (between 0 and 1): 0
Scrap rate (between 0 and 1): 0

[ Y777 zsidda]

Done Abort

Figure 17. Typical parameter input

Autonnghie Manutacturng  Programmun] Gystem Heons

Deleta Objacts Connect icons  Refrash Screen  Layout Complete ‘Grid Maln m

Assembly Station

&

inspection Sts.

i}

Jusk Station

(&l

Mfg. Cell

®© @

Demand So’,pl
Pull Stock oln‘t'

®

Push Stock Point

@

Outside Stock Pt.

@

Starting Point

fAnpe connand:
ros : Ending Point
Tl o =B P,

bre =ie

athey ¢ "llll‘l.!’ll-l';.: e Lttt Conty ol Mot f=ttaf g, ])}'H-u,uq

Figure 18. Sample manufacturing system
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Part C is used at station STAl and is manufactured at manufacturing
cell MC. A pull inventory system controls the production and shipment of
part C, which is represented by a pair of supply and demand stock points.
A vehicle WGIG is used to move the carts between the stock points. The
time to move the carts is 10. Each cart has a capacity of 4 parts C.
Initially there is a cart of parts C at each of the supply and demand stock
points. Parts B, D, and E are supplied from outside sources. Initially
there are 1000 units for each part type. Manufacturing cell MC makes part
C. One part D and two parts E are used to make one part C. The manufac-
turing time is 100 and there is no setup time.

The model is created by selecting the Model command from the Main
Menu and the Create command from the Model Menu ( See Figure 13). The
actual layout of the model is created by using the commands Draw Icons and
Connect Icons in the Layout Menu.

After the model has been completely drawn, the Layout Complete
option is selected to start specifying the model parameters. Figure 19
shows a portion of the model parameters. To specify an icon the user
simply clicks on the icon when the AMPS is in the Specification Menu.

Both the layout and the parameters can be saved for future use
through the Save command in the Modé] Menu. At the completion of the
problem specification, the user selects the Specification Complete command
to end the model specification. The system then leads the user to the GPSS
Menu command to create the corresponding simulation code in the target
language GPSS/PC.

Appendix D contains another sample problem. Included in this appen-
dix are layout of the manufacturing system, a listing of the input parame-

ters, and a complete listing of the GPSS simulation model.
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Starting Point of Line
Xase of 1ine: MAIN
Interarcival tine distribution; Constant
Constant: 109

HMnal Product froa Asgeably Line
Part name: A
Capacity and initial inventory at the stock point:
Naxisus number of parts at stock point: 1000
Initial number of parts at stock point: 0

Desand Stock Point
- Part name: C

In 2 pall systes, parts are assumed to be ordered,

sade, and shipped by carts. Two stockpoints: supply
and desand are created.

Capscity and fnjtial inveatory at the stock point:
Curreat cart capacity (nusber of parts per cart): ¢
Initial musber of carts at desand stock pott: 1
Initial nusber of carts at supply stock point: |

Vehicle used to sove carts between stock points: wgig

Noving time distribution: Constant
Constant: 10

Supply Stock Point
Part nase: ¢

In a pall systes, parts are assused to be ordered,

Rade, and shipped by carts. Two stockpoints: supply
and desand are created. ’

Capacity and initial inventory at the stock point:
Curreat cart capacity (nuaber of parts per cart): 4
Initial nuber of carts at demand stock point: 1
Initial nusber of carts at supply stock point: 1

Vehicle used to move carts between stock points: wig

Moving tise distribution: Constant
Constant: 10

Ordered from outside
Part nase: D
Capacity and initial fnventory at the stock point:
Maxinum nurber of parts at stock point: 1000
Initial number of parts at stock point: 1000
Vi1l Part D be replenished during the simulation? No

Figure 19. Partial parameter input
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6.6 AMPS /PC/SIMAN

The basic AMPS/PC system in Section 6.4'was modified to create SIMAN
(Pegden 1985) rather than GPSS/PC code. This system used the identical
Interactive Dialogue Interface (IDI) as the AMPS/PC system. However, the
automatic code generator program was rewritten to create code in the target
simulation language SIMAN. A Tisting of the SIMAN macros is given in
Appendix C.

The system was written by programmer B in Turbo C on an IBM/PC. The
system consisted of 1,600 lines of code. The code production was 533 lines
per month. This system has not been documented and has not been submitted

to NASA COSMIC.

7.0 SYSTEM EVALUATION

The concepts developed in AMPS have been used to model three real
world problems. The first system was a Flexible Manufacturing System (FMS)
at Rexham Speedring Inc., in Cullman, Alabama. The FMS consisted of 18
stations and nine alien stations. The FMS makes four different parts with
each requiring 47, 31, 22 and 22 operations respectively (Schroer 1988).

The second system was a 25 station assembly 1line at SCI
Manufacturing Inc. in Huntsville, Alabama. The 1line assembles a health
monitoring device (Schroer 1988). The third system was a twelve station
Unit Production System (UPS) at Camptown Togs, Inc. in Clanton, Alabama
(Schroer and Ziemke 1989).

The following observations are made based on the above implemen-
tations:

° The problem domains were sufficiently different that the AMPS user

42



8.0

interface could not be used in defining the problem specification.
® The library of GPSS modules were used extensively in writing the
simulation models. For the FMS model, several additional simula-

tion modules were developed.

° By using the library of GPSS modules, the UPS model was written
and validated in less than four hours as compared to forty hours

without the use of the modules.

° The use of the GPSS modules caused the resulting simulation code

to be structured code and well documented.

PUBLICATIONS

The following is a 1ist of publications resulting from the research

supported by NASA Grant NAG8-641 and NASA contract NAS8-36995.

1.

"Use of Simulation Generators in Modeling Manufacturing Systems," F.T.

Tseng and B.J. Schroer, Proceedings Southeastern Computer Simulation

Conference, October 1987, Huntsville, AL, pp. 149-153.

"LISP-Based Simulation Generators for Modeling Complex Space

Processes," F.T. Tseng, B.J. Schroer, and W.S. Dwan, Proceedings 3rd

Conference on Artificial Intelligence for Space Applications, November

1987, Huntsville, AL, pp. 243-247.
“Modeling Complex Manufacturing Systems Using Simulation," B.J.

Schroer and F.T. Tseng, Proceedings 1987 Winter Simulation Conference,

December 1987, Atlanta, GA, pp. 677-682.

43



10.

11.

A Simulation Assistant for Modeling Manufacturing Systems, B.J.

Schroer, F.T. Tseng, and W.S. Dwan, UAH Research Report No. 659,
January 1988.

“"Constructing Discrete Event Models 1in GPSS Using a Simulation
Assistant," F.T. Tseng and B.J. Schroer, ORSA/TIMS, Washington, D.C.,

May 1988. (presentation only)

"Automatic Manufacturing Programming Systems (AMPS), B.J. Schroer,

F.T. Tseng, and J.W. Wolfsberger, Proceedings for Conference on Space

and Military Applications of Automation and Robotics, Huntsville, AL,

June 1988, pp. 451-459.

"Automatic Programming of Manufacturing Simulation Models,"” B.J.
Schroer, F.T. Tseng, S.X. Zhang, and J.W. Wolfsberger, Proceedings
1988 Summer Computer Simulation Conference, Seattle, WA, July 1988,

pp. 569-574,
"Modeling Complex Manufacturing Systems Using Discrete Event

Simulation," B.J. Schroer and F.T. Tseng, Computers and Industrial

Engineering, Vol. 14, No. 4, 1989,
Automatic Network Programming System (ANPS), F.T. Tseng, S.X. Zhang,

and B.J. Schroer, UAH Research Report No. 704, June 1988.
"Using Automatic Programming for Simulating Reliability Network
Models," F.T. Tseng, B.J. Schroer, S.X. Zhang, and J.W. Wolfsberger,

Proceedings Fourth Conference on Artificial Intelligence for Space

Applications, Huntsville, AL, November 15-16, 1988.

"Automatic Programming Assistant for Network Simulation Models," F.T.
Tseng, B.J. Schroer, S.X. Zhang, and J.W. Wolfsberger, Proceedings
1988 Winter Simulation Conference, December 12-14, 1988, San Diego,

CA, pp. 240-245,

44



12.

13.

14.

15.

16.

17.

18.

19.

20.

Automatic Manufacturing Programming System (AMPS) User's Manual, B.J.

Schroer, F.T. Tseng, and W.S. Dwan, UAH Research Report No. 710,
September 1988.

Automatic Manufacturing Programming System/Graphics User's Manual,

F.T. Tseng, B.J. Schroer, and W.S. Dwan, UAH Research Report No. 788,
August 1989.

"Simulation of Reliability Network Models Using Automatic Programming
Techniques", S.X. Zhang, B.J. Schroer, Y.C. Feng, and R.T. Crumbly,

Proceedings Beijing International Conference on System Simulation and

Scientific Computing, Beijing, China, October, 1989, pp 542-546.

"A Simulation Assistant for Modeling Manufacturing Systems", B.J.
Schroer, Simulation, Vol. 53, No. 5, November 1989, pp. 201-206.
"An Intelligent Assistant for Manufacturing System Simulation", B.J.

Schroer and F.T. Tseng, International Journal of Production Research,

Vol. 27, No. 10, 1989, pp. 1665-1683.
"Combining Software Engineering Principles with Discrete Event

Simulation", B.J. Schroer, F.T. Tseng, and S.X. Zhang, Proceding 1989

Winter Simulation Conference, Washington DC, December 1989, pp.

828-833.
"Software Engineering and Simulation", S.X. Zhang, B.J. Schroer, S.L.

Messimer, and F.T. Tseng, Proceedings Third International Software for

Strategic Systems Conference, Huntsville, AL, February 1990.

"Improving the Manufacturing Simulation Modeling Environment", B.J.

Schroer, Manufacturing Review, Vol. 2, No. 4, pp. 283-289.

"Applying Software Engineering to Discrete Event Simulation",

Proceedings Eastern Multiconference Computer Simulation, Nashville,

TN, April 1990.

45



9.0 CONCLUSIONS

9.1 Comparison of the AMPS/GRaphics System with the AMPS System

Both AMPS and AMPS/Graphics were written in Lisp on the Symbolics
3620 machine. The AMPS/Graphics wused the Symbolics system dependent
features such as the flavors (frame) window, and the graphics function.
Also, AMPS/Graphics use object oriented programming concepts. The adoption
of the above features greatly simplified the programming effort for such a
complicated system. However, these system dependent features also make the
conversion of the AMPS/Graphics to other types of machines very difficult.
On the other hand, the AMPS system used very few system dependent features.
Most of the statements in AMPS are Common Lisp compatible. Therefore, it
is much easier to convert AMPS to other platforms. For example, the AMPS
system has been successfully ported converted to a TI Explorer with only
minor modifications.

The AMPS system provides an Interactive Dialogue Interface (IDI) for
the user to create the model. In AMPS, the user must follow the preset
logic system and answer a series of questions prompted in constructing a
model. That is, the user is in a passive role. The AMPS system controls
the main logic. The AMPS system allows the user to make only very limited
modifications throughout the development process. Also, the user must
remember the stage of the development process. Consequently, it is dif=-
ficult to visualize the development process of the model in AMPS.

The AMPS/Graphics has a an Interactive Graphic Interface (IGI)
through which the user builds the model mainly by icons. The user can

start building the model from any part of the model. Also, the user can
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always see the partially completed model on the screen. The AMPS /Graphics
system allows the user to modify any part of the model throughout the deve-
lopment process. Consequently, it is much easier to build a model and to
trace the logic by the AMPS/Graphics. Furthermore, a graphical model is
also a much better communicative model than a descriptive model.

The AMPS/Graphics system provides several help features. For
example, on-line documentation of each icon can be obtained by clicking a
button. The documentation shows the function of each icon and the connec-
tion rules with other icons. In the construction process, if a mistake is
made, the system will immediately give the appropriate error message. The
AMPS system does not have these help features.

The models created by the AMPS/Graphics can be saved and then
modified through the IGI interface. The corresponding simulation program
will then be modified automatically. The AMPS system does not have this
capability.

It is much slower to design a user friendly system such as
AMPS /Graphics at the beginning of the design process because of the many
factors to be considered. However, once the basic framework of the system
is completed, a system such as AMPS/Graphics is much easier to modify and
expand. For example, it is rather easy to add a new facility icon or to
change a model construction rule. A carefully designed system should be
flexible enough to add or remove a construct from the system with only
minor effort. On the other hand, a system like AMPS is easier to initially
design, and therefore is ideal to serve as a prototype. However, any
change after the initial design requires a major modification to the

system.
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The AMPS/Symbolics system makes use of some advantages of the
Symbolics machine. For example, the system automatically checks for some
types of errors, executes much faster, and has a Tlarge amount of memory
available. However, currently none of the popular commercially available
discrete simulation languages, such as GPSS, is available on the Symbolics.
The simulation programs must be downloaded to an IBM-PC to run the simula-
tion. On the other hand, the AMPS/PC system is much slower than the
AMPS /Symbolics. The small memory of the PC's also limits any reasonably

large models to be constructed on the AMPS/PC.

9.2 Summary

In summary, an Automatic Programming (AP) system, such as AMPS and
ANPS, offers a number of advantages for improving the simulation modeling

environment. These advantages include:

° Rapid prototyping - Once the necessary library of simulation modu-
les has been written, the AP system permits the user to rapidly
construct a model. As a result, the AP system produces executable

simulation code that is syntax error free.

° Software correctness - Correct simulation software requires the
definition of a complete and formal set of model requirements. An
AP system forces the user to completely define these

requirements.
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° Improved clarity of simulation code - The simulation code
generated by the AP system is structured code that is easy to
read, trace, and modify. An added benefit is embedded code docu-

mentation.

Increased productivity - By using an AP system, the modeler should
have an increased productivity in the 1lines of simulation code

written per hour.

Automatic documentation - Instead of changing program code, the
user modifies the problem specification through the AP system's
user interface. The AP system then rewrites a new simulation
model. Therefore, the problem specification file always reflects

the current configuration, or documentation, of the problem.

Software reusability - Software reusability refers to the ability
of new simulation models to use element of other models. Large
collections, or 1libraries, of reusable program modules can be
defined, making it possible to develop new models by wrifing only
a small amount of new code. The Tlibrary of GPSS modules provides
the basic building blocks for the simulation model. This library
is constantly being updated and expanded as the AP system is used

in other domains.

Software compatibility - Software compatability is the ability of
program modules to be interfaced with other simulation code. An

AP system designed with expansion in mind and as generic as
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possible will be easier to modify as additional requirements are

defined.

° Extendability - Since an AP system operates in a structural
environment, the overall software maintenance is less difficult,
Software designed and developed using an AP system will have each
data element and related processes grouped into one location,

making modifications simpler.

° Reduced simulation knowledge - An advantage of an AP system is a

reduction in the modeler's knowledge of the simulation language.

There are also a number of disadvantages of an AP system such as

AMPS and ANPS. These disadvantages include:

° Domain specific - Most AP systems are very dohain specific.
Therefore, the systems can only model a very limited class of
problems. To model a slightly different problem in a similar
domain may require additional modules and modifications to the

user interface.

° Library robustness - A related disadvantage is the robustness of
the 1library of predefined modules. Generally skilled GPSS

programmers are needed to write a new modules.
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° Memory and execution time - Another disadvantage is that AP
systems require more memory and execute slower than a nonstruc-
tured equivalent simulation program. However, this disadvantage
is not as significant as in prior years because computers are now

faster and have more memory.

In comparing the IDI and IGI for the Symbolics systems, the

following observations are made:

° The IGI had 3,500 lines of code versus 1,500 lines for the IDI.

Interestingly, the code production was similar for both systems.
° The IGI, or object oriented approach, is preferred by the user.
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GPSS Assembly station subroutine

2370 *FFkkdekkdkdddhkkkdddhkdkdkdd il dddddbldbd

ASSEMBLY STATION *
12390 kEkdkdobdkddkdddhhhdkdnrdkdiddtdkd bkt adnikk

2380 *

2400 ASM  ASSIGN
2410 ASSIGN
2420 ASSIGN
2430 . ASSIGN
2440 ASSIGN
2450 QUEUE
2460 PAQ  ASSIGN
2470 ASSIGN
2480 ASSIGN
2490 ASSIGN
2500 ASSIGN
2510 QUEUE
2520 TRANSFER
2530 DEPART
2540 LOOP
2550 SEIZE
2560 DEPART
2570 ADVANCE
2580 RELEASE
2590 TRANSFER

3,MXSSTAN(P2,1)
7 ,MXSSTAN(P2,2)
6 ,MX$STIME(P2,1)
1
2
,2

,2

5 ,MX$STAN(P2,P8)
10 ,MX$PART(P5,1)
20 ,MX$STAN(P2,P9)
P10

SBR, TAKEP, RTRN2
P10

7,PAQ

P3

P3

V*6

P3

P,RTRN1, 1

O 00 J O o
+ 4+ e

GPSS Task station subroutine

1980 Fkkddkdrddkkdkdkdddddkdkhdhddkhdhithkdddbdfddidhi

TASK STATION *
2000 Fkskdeskskdedkdddedd ek dededed dededededodededededdedede ke ek

1990 *

2010 TASK
2020
2030
2040
2050
2060
2070
2080

ASSIGN
ASSIGN
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
TRANSFER

3,MX$STAN(P2,1)
6 ,MX$STIME(P2,1)
P3

P3

P3

V*6

P3

P,RTRN1,1



4

2090
2100
2110
2120
2130
2140

GPSS Inspection station subroutine

Fhhddhdhd bbb hhhhbdbdhhhbrrdrdrdr bt hs

* INSPECTION STATION *
e de de e e e ook e e e ded e e s dedededede e Setee  do eok

INSP

2150

2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360

CHECK

REPAIR

PASS
SCRAP

ASSIGN
ASSIGN
ASSIGN
ASSIGN
QUEUE
DEPART
TRANSFER
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
ASSIGN
TRANSFER
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
ASSIGN
TRANSFER
TRANSFER
QUEUE
DEPART
TERMINATE

3,MX$STAN(P2,2)
4 ,MX$IPERC(P3,1)
5,MXSITIME(P3,1)
6 ,MXSITIME(P3,2)
MX$STAN(P2,1)
MX$STAN(P2,1)

, FN*4
MX$ISTA(P3,1)
MX$SISTA(P3,1)
MX$ISTA(P3,1)
V*5
MX$ISTA(P3,1)

4 ,MX$IPERC(P3,2)
, FN*4
MX$ISTA(P3,2)
MXS$ISTA(P3,2)
MXS$ISTA(P3,2)
V*6
MX$ISTA(P3,2)

4 ,MX$IPERC(P3,3)
,FN*4

P,RTRN1, 1
MX$ISTA(P3,3)
MX$ISTA(P3,3)



3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420

Fe ek %k e e v de ok de o ok ok e de sk ke e de ot ok e etk b db sl e e b ok

* MANUFACTURING CELL *
L2222 22222222222 e 22 22 2L 2L 8 208 2 2UR S 220 2

MFG  ASSIGN
ASSIGN
ASSIGN
QUEUE
ASSIGN

CARTQ ASSIGN
ASSIGN
ASSIGN

PARTQ ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
QUEUE
TRANSFER
DEPART
LOOP
LOOP

FAC SEIZE
DEPART
ADVANCE
ADVANCE

MTIME FVARIABLE
RELEASE
TRANSFER

13,MX$CELL(P12,1)
14 ,MXSCTIME(P12,1)
16 ,MXSCTIME(P12,2)
P13
7,MX$CSIZE(P12,1)
17 ,MXSITEM(P12,1)
8,0

9,1

8+,2

9+,2

S ,MX$ITEM(P12,P8)
10 ,MX$PART(PS,1)
20 ,MX$ITEM(P12,P9)
P10

SBR, TAKEP,RTRN2
P10

17 ,PARTQ

7 ,CARTQ

P13

P13

V*14

VSMTIME
V*16#MXSCSIZE(P12,1)
P13

P,RTRN3,1

GPSS Manufacturing cell subroutine
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2600
2610
2620
2630
2640
2650
2660

2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140

Fedosedkdededdeddedrkdr ok dkd ko dd kb bk ke T deart e bbb e

INVENTORY CONTROL
eodedode v de sk s e e dede s e e de b ok sk b sk de dede S et st st b e st e

MX$PART(P5,2),1,PULL

*

TAKEP
PUSH

PULL
MINUSP

NEEDC

USEP
EMPTYC

ORDER1

GET1C

GET1F

SEND1F

TEST E
TEST GE
LEAVE
TRANSFER

ASSIGN
TEST GE
LEAVE
SPLIT
TRANSFER
ASSIGN
LEAVE
SPLIT
TEST GE
LEAVE
ENTER
TEST GE
LEAVE
SPLIT
TRANSFER
TEST G
TERMINATE
SPLIT
TEST GE
LEAVE
ENTER
TERMINATE
ASSIGN
ASSIGN
ASSIGN
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
SPLIT
ASSIGN
ASSIGN
TRANSFER
ENTER
TERMINATE
ASSIGN
QUEUE
TEST GE
LEAVE
DEPART
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
ENTER
TERMINATE

§*10,P20
*¥10,P20
P,RTRN2,1

30,MX$CART(PS5,1)
S*10,P20,NEEDC
*10,P20

1,USEP

P,RTRN2,1
20-,5*10
*10,5%10

1,USEP

$*30,1

*30
*10,MX$CSIZE(P5,1)
$*10,P20,NEEDC
*10,P20

1,USEP

P,RTRN2,1
§*10,0,EMPTYC

1,0RDER]

§*30,1

*30,1
*10,MX$CSIZE(PS,1)

26 ,MX$FGIG(P5,1)
16 ,MX$CTIME(P5,1)
36 ,MX$MTIME(P5,1)
P26

P26

P26

v*36

P26

1,GET1F

12,P5
15,MX$SCART(P5,1)
SBR,MFG, RTRN3
*15,1

31,MX$SCART(PS,1)
P31
s*31,1
*31,1
P31
P26
P26
P26
V¥*36
P26
*30,1

- GPSS Inventory transfer subroutine

*
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1260 X%
1370 % ACTIVITY TIME SIMULATION GENERATCR
1380 %
1390 VENT_A SEIZE P2

. 1395 ASSIGN PS  MX$WORK _TIME (FZ, 1
1200 ASSIGEN ETIME, V499
1405 BACKT ASSIGN B MAEF_TIME(FI, 1)
1410 ARSSIGN MTTF,V¥98
1420 TEST L FeMTTF FSETIME,NDFATL
1420 ADVANCE F3MTTF
1440 ASSIGN FOW,F3
1450 TRANSFER SBR.FAIL,RTRNL
1460 ASSIGN REST_TIME,V$TIMET
1470 TIMEZ FVARIAEBLE FSETIME-F$MTTF
1480 ASE5IGN ETIME.F$REST_TIME
1490 TRANSFEFR + BACEDS
15300 NOFAIL ADVANCE FHETIME
15106 FRELEASE F2
1320 TRANSFEFR F.RTRENZ,
1530 X%
1870 X%
1872 X CONTINUOUS ACTIVITY TIME SIMULATION GEMERATOR
1B34 X :
1840 VENT_E SEIZE F2 :
1842 ASSIGN 98, MX$F_TIME(FZ, 1)
1847Z SAVEVALUE FTS,vs98

1845 TIMEY FVARIABLE X$FTS
1850 TIMES FVARIABLE X$FTS5/100

1855 TEST L V$TIME®S, 100, BACES
1860 ASSIGN TIMZ,1

184S ASSIGN BSUM.V$TIME?

1870 TRANSFER « BACKS

1675 BACKE ASSIGN TIMZ . V$TIMER

1880 ASSIGN BSUM, 100

1885 BACEZ ASSIGN NF_LOOFS, F$ESUM
1890 EBACKEZ2 GATE LF MX$SWITCH1 (F3,1) ,ERDA
1895 ADVANCE F$TIMI

1900 LOOF NF_LDOOFS, BACK 2
1905 ASSIGN ROW,F3Z

1910 TRANSFEFR: SER.FAIL,RTRML
i%1S5 TRANSFEF: « BACES

1920 ENDA RELLEASE F2

1925 TRANSFEF F.RTRNZ, 1



&

1060 #

1070 X ACTIVITY FAILURE SIMULATION GENERATOR (DIRETTLYY
1080 X

1090 FAIL  ASSIGN NR_ACTS, X$ACTS

1100 ASSIGN COL, !

1102 ASSIGN 100, MX3R_TIME (F$ROW, 1)

1105 MSAVEVALUE  R1_TIME,F$ROW,1,VX100

1110 BECKD TEST NE MX3ACT_NAME (F3ROW,F$COL) , O, AA
1120 GATE U MX$ACT_NAME (F$ROW,F$COL) . AA

170 SELIT 1,AE

1140 TRANSFER Y

1150 AR MARE GELAY

1160 FREEMFT MXBACT_NAME (F$ROK, F$COL)

1170 4551GN ADELAY , MF3DELAY

1180 TEST LE F$ADELAY, 0, *ACT_DELAY

1170 MSAVEVALUE ‘2 _TIME.F$ROW,F$COL, MYXSR1_TIME (FEFCU, !
1200 BACH1 ADVANCE MX$F2_TIME (F$FOW, F$TOL)

1210 EUFFER .

1220 RETURN MX$ACT_NAME (F$FROW,F$COL)

1230 TERMINATE

1240 AR ASSIGN CoL+,1

1750 LOOF NF_ACTS. BACKD

1260 TRANSFER F.RTREN1, 1

1270 %
e LOGIC WHEN ACTIVITY ALREADY 13 INTERFUFTED
i:oo XACT _ZELAY ADVANCE

710 MSAVEVALUE  R2_TIME,F$ROW,FP$COL,V ’
1320 NEWDELAY FVARIABLE MX$R1_T1ME(P$RDN.1)4;:g§gﬁzbév
1330 TEST L MX$RZ_TIME (F$ROW,F$COL)Y , G, BACK 1
1240 MSAVEVALUE  RZ_TIME,.F$FOW,P$COL,0
1350 TRANSFER JEACKL ' '
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H ¥ X X Assembly station model X XX

ASM ASSIGN:A(1)=M;
ASSIGN:A(2)=0;

BACKASM ASSIGN:A(2)=A(2)+1;
BRANCH, 1:

IF,A(2).GT.A(4),0UT:
ELSE, DOWNI1;

DOWN1 BRANCH, 2:

ALWAYS, BACKASM:
ALWAYS, DOWNZ;

DOWNZ2 ASSIGN:M=3+2%A(2);
ASSIGN:A(S)=A(M);
ASSIGN:AR(6)=A(M+1);
ASSIGN:A(11)=A(3) +3;
BRANCH, 2:

IF,P(A(11),2) . EQ.2,PULL1:
ALWAYS, PICKPT;

y
PICKPT ASSIGN:M=A(35) ;

RUEUE , M+1;
SEIZE:PART (M) ,A(6);

DOWN3 ASSIGN:M=A(1);
QUEUE , M;

SEIZE:STATIONN (M) ;
DELAY:ED(A(3));
RELEASE: STATIONN (M) :NEXT (LOOP) ;

)
PULL1 ASBIGN:A(11)=A(5)+3;
ASSBIGN:A(12)=A(5)+1;
BRANCH, 1:
IF,NR(A(12)).GE.P(A(11),4),PICKCAR:
ELSE,OUT;

1

PICKCAR ASSIGN:M=P(A(11),5);
QUEUE,M+4;
SEIZE:CAR (M) ;
QUEUE , M+5S;
SEIZE:SCAR(M) ;
BRANCH, 2:

ALWAYS,VECHIC:
ALWAYS , MAKE ;

y

VECHIC ASSIGN:M=P(A(11),8);
QUEUE , M+7;
SE1ZE:ROBOT (M) ;
ASSIGN:A(12)=P(A(11),9);
DELAY:ED(A(12));
RELEASE : ROBOT (M) ;
ASSIGN:M=P(A(11),5);
RELEASE : CAR (M) 3
ASSIGN:M=A(5);
RELEASE: PART (M) ,P(A(11),4) : DISPOSE;



MAKE ASSIGN:A(1)=A(5);
ASSIGN:A(2)=0;
ASSIGN:A(4)=P(A(11),13);

BACKMAK ASSIGN:A (2)=A(2) +1;
BRANCH, 1:
IF,A(2).GT.A(4),0UT:
ELSE, DOWNM1 ;
DOWNM1 BRANCH, 2:

ALWAYS, BACKMAK :
ALWAYS, DOWNMZ ;

DOWNM2 ASSIGN:A (3)=2%A(2)+12;
ASSIGN: A(S)=P(A(11),A(3));
ASSIGN:A(3)=A(3) +1;
ASSIGN:A(6)=P(A(11),A(3));
ASSIGN:M=A(5);

BRANCH, 2:
ALWAYS, MAKEPT :
ALWAYS, CHKPUL ;

MAKEPT ASSIGN:A(12)=A(&) KkP(A(11),4);
QUEUE,M+12;
SEIZE:PART (M) ,A(12);

DOWNM3 ASSIGN:M=P (A(11),10);
QUEUE , M+6;

SEIZE:MCELL (M) ;
ASSIGN:A(12)=P(A(11),12);
DELAY:ED((A(lZ))*P(A(Ii),4);
ASSIGN:M=P(A(11),10);
RELEASE:MCELL (M) ;
ASSIGN:A(12)=P(A(11),11);
DELAY:ED((A(12));
ASSIGN:M=P(A(11),5);
RELEASE: SCAR (M) : DISPUSE ;

H
CHKPUL ASESIGN: A (5)=M;

ASSIGN:A(11)=A(5)+3;
BRANCH, 1 :
IF,P(A(11),2).EQ.2,PULL]:
ELSE,OUT;
ouT DELAY:0.0:DISPOSE;

PRECEDING PAGE BLANK NOT FILMED
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¥k X Inspection station model X K X

y

INSP BRANCH, 1:
WITH,A(4),CHECK:
ELSE,PASS;

CHECK RQUEUE , M;

SEIZE:STATIONN{M) ;
DELAY:ED(A(3));
RELEASE:STATIONN (M) ;

BRANCH, 1:
WITH,A(S),REPAIR:
ELSE, PASS;
REPAIR ASSIGN:M=A(8) ;
QUEUE , M+8;

SEIZE:REPAIR (M) ;
DELAY:ED(A(7));
RELEASE:REPAIR (M) ;

BRANCH, 13
WITH,A (&) ,SCRAP:
ELSE, PASS;
SCRAP DELAY:0:DISPOSE;
PASS DELAY:O0:NEXT (LOOP) ;

H % K X Task station model ¥ Kk
TASK QUEUE, M;
SEIZE:STATIONN(M) ;
DELAY:ED(A(3));
RELEASE:STATIONN (M) : NEXT (LOOP) ;

PRECEDING PAGE BLANK NOT FILMED
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ANDY-TAYLOR:>dwan>amps>model-8-stations.txt.1 3/15/89 09:05:47 Page 1

Parameters of Example Model Model-8-Stations

Starting Point of Line
Name of Yine:r ¥
Interarrivel tine distribution: NMORMAL
Mean: 109
Standard deviation: §

Starting Point of Line
Nane of line: X
Intererrival tine distribution: EXPONENTIAL
Hean: 300

Starting Point of Line
Kene of line: 2
Interarrivel tine distribution: NORMAL
Hean: 73
Standerd devistion:

Final Product from Assenbly Line
Part nane: A
Cepacity and initisl inventory at the stock point;
Raxinun nunber of parts at stock point: 2000
Initial nunber of parts st stock point: §

Denand Stock Point
Part nanas F
In & pull systen, perts are aseumed to be ordered,
nade, and shipped by carts. Tuo stockpoints: supply
ond danand sra created.

Capacity and initial {nventory et the stock point:
Current cart capacity (nunber of parts psr cort): ¢
Initiel nunber of carts st densnd stock peint: 4

" Initis) nunber of carts ot supply stock point: 4

Vehicle vsed to nove certs betueen stock peints: TRUCK2

Moving tine distribution: UNIFORN
Rin{aun; ¢
Rexinun: 14

Supply Stock Point
Part nene: F
In 8 pull systen, parts are sssuned to be ordered,
nade, and shipped by carts. Tweo stockpoints: supply
and densnd sre created.

Capacity and initial {nventory st the stock point:
Currant cert capacity (nunber of parts per cart): 4
Initiel nunber of carts at demand stock point: 4
Inttial nunber of carts at supply etock point: ¢

Vehicle used to move carts betusen stock points: TRUCK2

Noving tine distribution: UNIFORM
Nintoun: €
Raninun: 14

D-3



ANDY-TAYLOR:>dwan>amps>model-8-stations.txt.1

supply Stock Point
Part nanel K
In a pull systen, parts sre assuned to be ordered,
nade, and shipped by csarts. Tuo stockpoints: supply
and denand are created. :

Capacity and initiel {nventory at tha stock point:
Current cart caspacity (nunber of parts par cart): 4
Initial nunber of carts at demsnd stock point: 4
Initial nunber of carts at supply stock point: 4

Vehicle used to nove carts betueen stock points: TRUCKI

Roving tine distribution: UNIFORN
Kiniaun: @

Naxinumt 12

Damnand Stock Point
Part nane! H
In a pull systen, parts are assuned to be ordered,
nade, and shipped by carts. Two stockpoints: supply
and derand are crestad,

Capacity and infitiel inventory at the stock point:
Current cart capacity (nunber of parts per cart): 4
Initial nunber of carts et demand stock point: 4
Initial nunber of carts st supply stock paint: 4

Vehicle usad to move carts between stock pointsi TRUCK3

floving tine distribution: UNIFORM
Mininun: @

Maninunt 12

Supply Stock Point
Pert nane: E
In a pull systen, perts sre sssuned to be ordered,
nade, end shipped by carts. Two stockpoints: supply
end denand ares creatad.

Capacity and fnitiel inventory at the stock point:
Current cert cepacity (nunber of parts per cart): 4
Initial nunber of carts at denend stock point: 4
Initial nunber of carts et supply stock poine: 4

Vehicle used to move carts betuveen stock points: TRUCKY

Roving tine distribution: UNIFORM
Ninfaun: @

Raxinum: 12

Denand Stock Point
Part nane:r £
In o pull systen, parts are assuned to be ordered,
nade, end shipped by carts. Two stockpeints: supply
and densnd are created.

Cepecity and initisl inventory at the stock point:
Current cart capacity (nunber of parts per cart): ¢
Initie) nunber of certs at demand stock point: ¢
Initiel nunber of carts at supply stock point: ¢

Vehicle vsed to move carts betueen stock points: TRUCKL

Roving time distribution: UNIFORN
Rinimun: 8
Haxinunr 12

Supply Btock Point
Port nane: I
In a pull systen, parts sre sssurned to be ordered,
nade, ond shipped by carts. Two stockpoints: supply
and denand ere crested.

D-4
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ANDY-TAYLOR:>dwan>amps>model-8-stations.txt.1

Capacity and initie) {nventory at the stock paint:
Current cart cepacity (nurber of parts per cart): 4
Initial nunber of carte at demand stock point: 4
Init1al nunber of carts st supply stock point: 4

Vehicle used to nove carts betueen stock points: TRUCKI

foving tine distridbutions UNIFORN
Bintnun: @

Nexinun: 12

Denand Stock Point
Part nane: 1

In & pull systen, parts are assumned to be ordered,
nade, ond shipped by carts. Tuo stockpoints: supply
and denand are created.

Capacity and initial inventory at the stock point:
Current cart cepacity (nunber of parts per cart): 4
Initial nunber of carts at denand stock point: 4
Initial nunber of certs at supply stock point: 4

Vehicla used to move carts betusen stock points: TRUCK3

Noving tine distribution: UNIFORN
Nininun: 8§ :

Raxinym: 12

Supply Stock Point
Part nene: 8

In a pull systen, parts are assuned to be ordered,
nade, and shipped by carts. Tuo stockpuints: supply
and denand are creatsd.

Copacity and initial inventory at the stock point:
Current cert capacity (nunber of parts per cart): 4
Initial nunbar of carts st denand stock point: 4
Inftial nunber of certs at supply stock point: ¢

Vehicle used to move carts betusan stock pointe: TRUCK2

Noving tine distribution: UNIFORM
Kininun: 6
Raxinun: 14

Denand Stock Point
Port none: 6

In a pull systen, perts are assuned to be ordered,
nade, and shipped by carts. Tuo stockpoints: supply
and denand are crested.

Capacity and {nitial inventory et the stock point:
Currant cert capscity (nunber of perts per cort): 4
Initie! nunber of certs at denand stock point: 4
Initiel nunber of carte at supply stock point: 4

Vehicle used to nova carts betuesn stock painter TRUCK2

Noving tine disctributiont UNIFORM
Bintaun: &

Haxinun: 14

Supply Gtock Point
Part nene: C

In a pul) systen, parts are assuned to be orderad,
nade, end shipped by carts. Tuwo stockpoints: supply
and denand are created.

Capacity and initial {nventory at the stock point:
Current cert capacity (nunber of perts per cart): 4
Initial nunber of carts ot denend stock point: 4
Initia! nunber of carts at supply stock paint: 4

Vehicle used to nove certs betusen stock points: TRUCKL
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Moving time distribution: UNIFORNM
Kin{aun: 8
Kaxinuni 12

Denend Stock Point
Part nane: C
In a pull systea, perts are assuned to be ordered,
nade, and shipped by carts. Two stockpoints: supply
and denend are created.

Capacity and {nitial {nventory at the stock point;
Current cart capacity (number of parts per cart): 4
Initisl nunber of carts at denand stock point: 4
Initial nunber of carts st supply stock point: 4

Vehicle used to move carts betusen stock points: TRUCK]

Noving tine distribution: UNIFORM
Hininun: 8
Naxinun: 12

Push stock point
Part nene: 8
Capacity end {nitie) inventory et the stock point:
fexinun nunber of parts st stock point: 2008
Initial nunber of parts at stock point: 128

Push stock point
Pert nene: D
Capecity and inftial inventory at the stock peint:
Raxinun nunber of perts et stock peint: 2608
Initia) nunber of parts at stock point: 128

Ordared fron outside
Port nena: J
Capacity and initia) {nventory at the stock point:
Raxinun nunber of parts st stock point: 10000
Initia) nunber of parts ot stock point: 10000
Hi11 Part J be replenished during the sinvlation? No

Ordered fron outside
Part nane: X
Capacity and initial {nventory at the stock point:
Raxinun nunber of parts et stock point: 10000
Inttial nunber of parts st stock point: 1000Q
H1{11 Part K be replenished during the sinuletion? No

Ordered fron outside
Part nangs L
Capecity and initiel inventory at the stock peint:
Maxinun nunber of perts st stock point: 10000
Initia) nunder of parte st stock point: 18040
Ui1l Part L be replenished during the sinuletion? Mo

Inspection Station
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Btation nane: INSP4
Nane of inspectors IMSPECTOR
Nane of repalirnan: REPRIRMAN
Nana of place for scrap perts: SCRAPY
Ingpection tine distribution NORMAL
Hean: 350
Standard deviation: S
Repsir tine distribution: NORMAL
fean: 400
Standard deviation: 10
Inspection rate (betueen 9 and 1): 1
Reject (repair) rate (betueen @ ond 1): 8.2
Scrap rate (betueen @ and 1): 9.5

Tesk Station
Station nana: TASKE
Tesk timne distribution: NORMAL
Nean: 100
Scandard deviation: 3

Task Station
Station nane: TASK2
Task tine distribution: NORMAL
Aeon: 300
Standsrd deviation: 319

Assenbly Stetion
Stetion naner RBEYS
Parts required for assenbly:
Hane of pert 81: €
Nunber of pert 813 2
Assenbly tine distribution: MORMAL
Hean: 100
Standerd deviation: S

Rssenbly Statien
Scation nsne: ABSYY
Parts raquired for assenbly:
Nane of part 81 8
Nunber of part 11: 3
Nane of part 825 £
Hunber of pare 82: 2
Assenbly tine distribution: NORMAL
Nean: 300
Stondard daviation: 10

fssenbly Station
Station nane: ASEYY
Parts required for sssembly:
Hena of part 811 D
Nunber of part 811 4
Assenbly tine distribution: NORMAL
Nean: 300
Stendard devistion: 10

D-7
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£33 enbly Stetion
. '..::G{oﬂ nanet ASSY®
perts required for assenbly:

Nane of part 81: H

nber of pert 811 1

ﬁ-:‘:nb'ly tine distribution: NORMAL
i Hesn: 73
L gtendard devietion: S

Rssenbly Station
Station nane: RSEY?
Parts required for assenbly:
Nane of part 81: F
Nunber of part 81: 2
Hene of part B2;: €
Nunber of part 82: 1
Assenbly tine distribution: NORMAL
fean: 7S
Standerd deviation: S

Manufacturing Cell — F
Cell nane: MC2
Itens required to nake the part F;
Hunber of {ten types required: 1
Hane of ften 81: L
Nunber of {tem 011 2
Setup time for & cert of parts: CONSTANT
Constant: 8
" Henufacturing tine for & part: NORMAL
NHeon: 10
Stenderd deviation: 1

fAenufacturing Cell =—
Cell nonear MC2
Itens required to nake the part E:
Nunber of iten types required: 2
Nang of ften. 811 J
Nunber of item 81; 2
Nene of ftem 82: K
Nunber of {ften 82;: 3
Setup tine for & cart of parts: CONSTANMY
Constoent: B
Aenufecturing tine for & part: NORMAL
flean: 10
Stenderd devietion: 1

Renufecturing Cell — 2
Cell nemet MC2
Itens required to neke the part I:
Nunber of {ten types required: 2
Mene of ften B1: J
Nunber of item 81: 2
Hena of ften #2; K
Nunber of ften 821 1
Setup tine for & cart of parts: CONSTAMT
Conastant: 8§
~ Nenufacturing tine for & part: NORMAL
flsen: 3
Standard devietion: §’

D-8
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Menufacturing Cell -~ §
Cell nene: MC2
Itens required to nake the part G:
Hunber of ftem types required: 1
Hane of ften 81: K
Nunber of ftem ¥1: 2
Setup tine for a cart of parts: CONSTANT
Constant: @
Ranufacturing tine for a perts NORMAL
Nean: 18 .
Standard devistion: 1

Nanufacturing Cell — H
Cel) nene: NCI
Itens required to nake the part H:
Nunber of ften types required: 3
Nane of 1ten 81:
Hunber of ftem 81: 1
Setup tine for a cart of parts: COMSTANT
Constant: @
Nanufacturing tine for a part: HORMAL
Hean: 30
Standerd devistion: 3

Manufecturing Cell == €
Cell nene: MC1
Itens required to nake the part C:
Nunber of ften types requirad: 1
Hame of {ten 81: I
Hunber of ftem 81; 2
Setup time for a cart of parts: CONSTANT
Constent: @
flenufacturing tine for & part: HORMAL
Mean: 39
Standerd devietion: 8

D-9
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GPSS Code of Example Model Model-8-Stations

ANDY-TAYLOR:>dwan>amps>gpss-8-stations.lisp.2

100 llllllllllllilllltlltlllllllllltlllllllll.'lllll.ttlllllllttlll

110 ¢

120 s This {s & B-stations nodel. 3/15-89
130 ¢

140 =

150 ¢

16@ s This {s a GPSS progran autonstically created fron
170 s

100 s ANPS - (Rutonatic Manufacturing Programning Systen)
190 =

208 s developed at

210 s

220 s The University of Rlabana in Huntsville, 1988.

230 s

240 RSB STELATIIESIISEESSINRRNNNNSERSIRIEEIRRTNLENTARTISLISSE
250 SINULRATE

268 UNIFM  FUNCTIONM RN1, C2

9,0-1,1

276 SMORM  FUNCTION RN1,C28
9,-5-.000083, -4-.00135, -3/.00621, -2.5/,02278, -2
-06681,-1.5-.11507, -1.2/.1%666, -17.21186, -.8/.2742%, -. 6

+ 34438, -, 4/, 42074,-.2/.5,0/,57926, . 27.65442, .4

72573, .67.76814, .8/.84134,1/.00493,1.2,.93319,1.5
-97725,2,.99379,2.5/.99665, 3/.99997, 41,3

200 XPDIS* FUMCTION RN1,C24
O,I/.l..1041.2,.2221.3,.3551.4,.509/.3..69/.6,.9151.7,1.2/.75,1.38
.I.l.6/.04,l.03/.38,2.12f.!.2.3/.92.2.52/.94,2.31/.95,2.99/.96.3.2
:97,3.57.98,3.9/.99,4.6-.995,5.3-.998,6.2/.999,7.0/.9998, 0.9

290 s33 NAIN PARRNETERS sss

300 PER11, FUNCTION RN, D2

1, CHECK/1, PASS

310 PER12, FUNCTION RN1, B2
9.2, REPRIR/1,PASS

320 PER1S,  FUNCTION RN1, D2
9.3, SCRAP/1, PRSS

338 TINEl FUARIABLE G+BRFNSUNIFN
340 TINE2 FVARIRBLE ]

359 TINEd FVARIABLE 101 SFNSSHORN
360 TINE4 FUARIABLE Q+4SFNSUNIFN

370 TIRES FVARIABLE Se1aFn$sNORN
300 TInES FVARIABLE 30+38FNEGNORN
398 TINE?  FVARIABLE 3008FNENPDIC
400 TINE® FVARIABLE . 3Q0+1QBFN§SNORN
410 TINEY  FVARIABLE S0+SEFNSSHORN
420 TINELIO FVARIASLE 400+ 108F N EMORN
438 TINEI1l  FVARIABLE 100+ S8FNESHORN
440 TINE12 FVARIABLE ~  7S+SaFN$EHORM
4350 ssz DEFINITION OF MATRIX sss

460 PART  MATRIN ,12,2
470 STINE  MATRIX .81
480 STAM  MATRIN 8,6
490 ITINE  MATRIN 21,2
300 ISTA  MATRIN ,1,3
S18 IPERC  MATRIN 1,3
520 NTINE  MATRIN W7l
539 FCIC  MATRINM 7.1
S40 SCART  MATRIN X
SS9 CART  MATRIN R
S60 CTINE  MATRIN 7.2
578 CELL  NMATRIX W71
580 CSIZE  MATRIN W71
896 ITEM  MATRIN RX)
680 333 CRPACITY OF PART & CART COUNTERS sss
610 PA_A  GTORAGE 2000

620 PRF  STORAGE
$30 CART_F  GTORAGE
640 SCART_F STORAGE
650 PA_H ~  STORAGE
€60 CART_H  STORAGE
678 SCART_W STORRGE
688 PA_E  ST0RACE
698 CART_E STORAGE
798 SCART_E STORACE

L N X FW ¥ WS
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”ne
728
738
740
750
760
778
780
798
-1
e1e
829
830
840
938
060
are
1]
99
%0
919
929
930
946
958
960
970
908
9%
1800
1018
1020
1036
1040
1054
1068
197
1089
189
1108
1110
1120
113
1140
1159
1168
1178
1100
119
1200
1210
1229
129
1249
1259
1260
1279
1200
129%
1390
1310
132¢
139
1340
1358
1360
1379
1300
13%
1400
1418
1420
1438

3/18/89 02:04:38

PAR_I STORRGE 4

CART_I STORAGE ]

SCART _I STORAGE 8

PA_G  STORAGE 4

CART_G STORAGE e

SCRART _G STORRGE [ ]

PA_C STORAGE 4

CART_C STORAGE e

§CART _C §TO0RAGE s

PR_B STORAGE 2000

PA_D STORAGE 2000

PA_J  GTORAGE 10900

PA_K STORAGE 10008

PR_L STORRGE 10000

SSSIEESSEENSSITRESNLIRTREISLILRSSISSLIYS

s INITIAL VALUES s

SETSSELESETELIRSISSALSLIASINS0ILEIRISSE
CEMERATE 100l

238 PARY ID ss3s
MSAVEVALUE  PART,19,1,8PA_A ;the id of part R s 19
RSAVEVALUE  PART,2,1,$PA_F ;the 1d of part F s 2
HEAVEVALUE  PART,S,1,4PA_H ;the id of part H 18 S
REAVEVALUE PARY, 3,1,4PA_E jthe 1d of part E 18 3
HSAVEVALUE PART,4,1,8PA_I ;the id of part I s 4
MSAVEVALUE  PART,?,1,8PRAC ;the fd of part G is 7
MSAVEVALUE  PARY,E,1,4PA_C ;the id of pert C is &
NSAVEVRLUE  PART,11,1,4PA_B ;the id of part B s 11
RSAVEVWALUE  PART,12,1,4PA_D ;the id of part D is 12
HSAVEVALUE PART,$,1,8PR_J jthe 1d of part J 18 9
HSAVEVALUE PART,S,1,8PR_K ;the (d of part X 1s §
MSAVEVALUE PART,1,1,8PA_L ;the (d of part L ia

988 THE SIZE OF ERCH CART 38
HSAVEVALUE CSI2€,2,1,4
HSAVEVALUE  CSIZE,S,§,4
NSRVEVALUE  CSIZE,9,1,4
NEAVEVALUE  CSI2E,4,1,4
NSRVEVALUE CSI2€,7,1,4
NSRVEVALUE CS8I12E,6,1,4

33 JNITIAL INVENTORY LEVEL AT EACH STOCK POIMT sss
ENTER CART_F, 4
ENTER SCART _F, 4
ENTER CART_N, 4
ENTER SCART M, 4
ENTER CARTY _E,4
ENTER SCART _E, ¢
ENTER CARY_I,4
ENTER SCART 1,4
ENTER " CART @, ¢
ENTER SCART O, 4
ENTER CARY_C, 4
EnTER SCART_C, ¢
EXTER PA_D, 10
ENTER PAD, 120
ENTER PA_J, 10000
ENTER PA_X, 10000
ENTER PA_L, 10000

ass NAKE OME CART READY AT EACH DENMAND $TOCK POINT sss
LEAVE CART F,3
ENTER PA_F, nxiCST2E(2,1)
LEAVE CARY_N,1
ENTER PA_N, nu$CSTI26(S, 1)
LEAVE CART €,
ENTER PR_E,nnCSI2E(S,1)
LEAVE =5
ENTER PR_1,nx$CSI2€(4,1)
LEAVE CAR? C,8
EMTER PA_GC, Nx$CSI12E(?,1)
LEAVE CcARY_C,1
ENTER PR_C,nx$CEI2E(6,1)

s JTENS REQUIRED 10 MAKE EACH PARY ass
HEAVEVALUE  ITEM,2,1,1 jpart F requires 1 part type(s).
NSAVEVALUE ITEN,2,2,1 ; part L.
NSAVEVALUE  ITEN,2,3,2 ; 2 unit(s).
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1448
1459
1469
1470
1489
1499
1509
1510
1520
1538
1540
1359
1560
1579
1589
159
1600
1610
1629
1639
1640
1630
1668
1679
1669
1699
1768
1710
1720
1730
1740
1758
1769
1779
1760
179
1800
1810
1820
1930
1848
1959
1068
1079
1908
109
1900
1910
1920
19%
194
1958
1968
1979
1900
19%
2009
2018
2020
2030
2048
2059
2069
2870
2000
209
2100
211¢
172
229
2149
2150
2168

MSAVEVALUE  ITEN,S,1,1 ;part H requires 1 part type(s).
MGAVEVALUE  ITEM,5,2,4 ;  pert I.
NEAVEVALUE  ITEM,5,3,1 ; 1 unit(a).
MSAVEVALUE  ITEM,3,1,2 ;part E requires 2 part type(s).
NSAVEVALUE  ITEN,3,2,9 ; part J. .
MSAVEVARLUE I1TEM, 3,3,2 ; 2 unit(s).
NERVEVALUE  ITEM,3,4,8 ;  part K,
MSAVEVALUE  ITEM,3,5,1 1 unie(s).
HEAVEVALUE  ITEN,4,1,2 jpert I requires 2 part type(s).
MSAVEVALUE  ITEM,4,2,9 ; part J.
NEAVEVALUE  ITEN,4,3,2 ; 2 unit(s).
MERVEVALUE  ITENM,4,4,80 part K.
MSAVEVALUE  ITEM,4,5,1 ; 1 unit{s).
MEAVEVALUE  ITEM,2,1,1 ;part G requires 1 part type(s).
NSAVEVRLUE  ITEM,?,2,8 ; part K.
NSAVEVALUE  ITEM,7,3,2 ; 2 unit(s).
MSAVEVALUE  IVEM,6,1,1 jpart C requires 1 part type(s).
MEAVEVALUE  ITEM,6,2,4  part I.
MEAVEVALUE  ITEn,6,%,2 2 unit(s).

STATION BERVICE TINE (11
MGRVEVALUE  STIME,6,1,$TINELY jtine of TASKE s TINELL
NSAVEVALUE  STIME,2,1,4TINED jtima of TASK2 is TINES
NGAVEVALUE  STINE,S,1,$TINELL jtime of AGEYS (s TIMELL
MEAVEVALUE  STINE,1,1,$7INEG  ;cime of RSSYL 4 TINEQ
MEAVEVALUE  BTINE,J,1,$TINEB  ;tine of RASSYI e TINES
HSAVEVALUE  STINE,N,1,$TINE12 jtime of RSEYE s TIMEL2
BSAVEVALUE  6TINE,?,1,4TINEL2 jtime of RGEY? 1s TIMEL2

TINE T0 MOVE A CART BETMEEN SUPPLY AND DEMAND POINIS sss
HNSAVEVALUE  MTIME,2,1,$TINEYl ;moving tine of & cart
HSRVEVALUE  MTINE,S,1,8TINE4 ;moving tine of & cart
HGAVEVALUE  NMTINE,3,1,$TINE4 ;moving tine of & cart
HGAVEVALUE  NTIME,4,1,8TIME4 ;noving tine of & cart
NGAVEVALUE  MTINE, ?,1,8$TIMEL ;moving tine of a cart
HEAVEVALUE MTINE,E,1,$TINE4 ;moving tine of & cart

SETUP TINME FOR A CART OF PARTS AND sas
MANUFACTURING TINE FOR A PART 232

IPERC,1,1,4PERIL  jinpsection rate of INGPE is ]

3/18/89 02:04:38 Page 3

of part F
of pert N
of pert E
of part 1
of part &
of part C

{e TINEL
is TINE4
is TInE4
is TINE4
is TIMEL
is TINE4

jsetup tine for & cart of pert F s TINE2
jnanufacturing tine for part F 1s TINEY
CTINE,S,1,4TINEZ ;setup tine for a cert of part H 1s TINE2
jnanufacturing tine for pert N i TINES
jsetup tine Tor o cart of pert € is TINE2
jnenufacturing tine for peart £ {9 TINED
CTINE, 4,1,4TINE2 ;satup tine for & cert of part I (s TINER
tnerwlecturing tine for part I {s TINES
Joetup tine for & cort of part 6 (s TINE2
jnenufacturing tine for part € is TINES
CTINE,6,1,8TINE2 jsetup tine for & cart of part C 1 TINE2
jnanufecturing tine for part C is TINEG

nade oOn
nade
nade
aade
nade
nade on

of
of
of
of
of
of
of
of

nachine NC2
on nachine NCY
on nachine KC2
on nachine NC2
on nachine NC2
nechine NC1
station INSPY
station TASKE te
station TASK2 {e
station ASEYS (s
station RSEY1 e
atation RSEYI ie
station RGEYE 1»
station RSEY? (s

-
L ]

NRW=AMN L

index of inspection station INSP4 s 1

jrepatr rata of INGP4 (3 0.2
jecrap rate of INSP4 (g 0.5
jinspector of INSP4 (s INSPECTOR
jrepairnan of INGP4 (s REPRIRNAM

NEAVEVARLUE  CTIME,2,1,$TINE2
HSAVEVALUE CTINE,2,2,8TINED
HEAVEVALUE
MEAVEVALUE  CTINE,S,2,8$TINEE
HSAVEVALUE CTINE,9,1,8TINE2
HEAVEVALUE CIINE,9,2,8TINEY
NERVEVALUE
HEAVEVALUE  CTINME,4,2,811n6S
NSAVEVALUE  CTINME,?,3,4$TINE2
HSAVEVALUE CTINE,?,2,87I1N63
NEAVEVALUE
NGAVEVALUE  CTINE,6,2,87ImEC
CELL WHERE EACH PART 1§ MADE sas
NGAVEVALUE  CELL,2,1,8MC2 jpert F s
HEAVEULUE CELL,S,1,8nC1 jpart H is
MSAVEVALUE  CELL,3,1,4nC2 jpart £ s
RSAVEVMLUE  CELL,4,1,8nC2 jpart T s
HERVEVRLUE  CELL,7,1,4nC2 ;part § 1o
NEAVEVALUE  CELL,6,1,8nC1 ;pert C 1o
MANE OF EACH STATION sss
HSAVEVWAMLUE  STAN, 4,1, $IM5P4  ;the 1d
HEAVEVALUE  GTAN,6,1,$TA6K6 jthe td
NSAVEVALUE  6TAN,2,1,8TAEK2 ;the 1d
NEAVEVALUE  $TMN,S,1,4AE5YS ;the 1d
MSAVEVALUE  STAI,1,1,8A88Y1 jthe {d
HSAVEVALUE  STAN,S3,1,$AS8Y3 jehe id
HEAVEVALUE  6TANM, 0,1,4AS5Y8 the id
HEAVEVALUE  6TRN,7,1,4A58Y? jthe id
INGPECTION STATION INDEX sas
REAVEVALUE $TAN, 4,2,1 ;the
INSPECTION STATION sss
HEAVEVALUE
HSRVEVALUE  IPERC,1,2,8PERL2
NSAVEVALUE  IPERC,1,3,8PER13
NSAVEVALUE  ISTA,1,1, $INSPECTOR
HSARVEVALUE I6TA, 1,2, $REPRIRMAN
MSAVEVALUE 16TA,§,3, $6CRAPY

jscrapped itens of INSP4 sre sent to SCRAPY
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2179 REAVEVALUE ITIME,1,1,$TINE9 1inspection tine of INSP¢ (g TINEY
2169 MERVEVALUE  ITIME,1,2,4TINE1Q irepaie tine of INSP4 {s TINE1Q
2190 s3s PRRT (ID) REQUIRED RT EACH STATION 339

2200 HERVEVALUE 6TAN,S,2,1 Jstation RS6YS requires 1 part type(en).
2210 NERVEVALUE  §TAN,5,3,3  ;  part E.

2220 HEAVEVALUE  STAN,S,4,2 ; 2 unit(s).

2239 WSAVEVALUE  6TAN,1,2,2 jstation ASEY1 requires 2 part type(s).
2240 NGAVEVALUE  61AN,1,3,11  ;  pare B, .
2258 REAVEVALUE STAN,1,4,3 3 3 unit(s). :
2268 HSAVEVALUE 61AN,1,5,6 1 part C.

27 NEAVEVALUE  §TAN,1,6,2 } 2 unit(s),

2289 MEAVEVALUE  §TAN,3,2,1 jotation RSEYI requires 1 part type(s).
2299 MSRVEVRLUE  6TAN,3,3,12 3} pare D,

2309 HSAVEVALUE  BTAN,3,4,4 } 4 unit(s).

2310 NGAVEVALUE  §TAN,8,2,1 jstation REEYB requires I pert type(s).
2320 MEAVEVALUE  6TAN,8,3,S 1 pert N, -
2338 MSAVEVALUE  67AN,8,4,1 I 1 unit(s).

2340 MSAVEVALUE  §TAN,7,2,2 jstation RSEY? requires 2 part type(s).
2358 MERVEVALUE  BTAN,7,3,2 ] pert F,

2960 NSRVEVALUE  §TAN,7,4,2 i 2 unie(s).

2379 NSAVEVALUE  §TAN,7,S,7 I part 8.

2360 NERVEVALUE  STAN,7,6,1  ; 1 unit(s).

2390 ss3 SUPPLY SYSTEN OF EACH PART ss3

2400 MSAVEVALUE  PART,10,2,1 jpart A is in push mode

2410 NSAVEVALUE PART, 2,2,0 ;pert F is in pull node

2420 HSAVEVALUE  PART,S, 2,9 jpart H is in pull node

243 RSAVEVALUE  PART,3,2,0 jpart € §8 {n pull mode

2440 HSRVEVALUE  PART,d,2,0 ipere I s 1n pul) mode

24%0 NSAVEVALUE  PARY,?,2,0 ipare € s 1n pull node

2468 RSAVEVALUE PRRY,6,2,8 ;pert C g {n 1l mode

2479 HSAVEVALUE PART,11,2,1 ;pert B {8 in push node

2480 NSRVEVALUE PART,12,2,1 ;part D fs in push node

24% NSRVEVALUE  PART, 9,2,1 ;part J is ordered fron outside

2509 NSAVEVALUE PART,8,2,1 ;pert K {g ordered from outside

2310 NSRVEVALUE PART,1,2,1 ;pere L {s ordered fron outside

2529 s3s CRART COUMTER AT EACM DESTINATION ss3

2330 HGAVEVALUE  CART, 2,1, $CART_F : .
2540 NSAVEVALUE  cAmy,s,3, $CARY _M

25%9 NEAVEVALUE  CART, 3,1, $CAmTY E

23568 HEAVEVALUE CMRT, 4, 1,4cArT 3

23578 NERVEVALUE  CAmt, 2,1, scamT g

2380 NSAVEVALUE Cmet, 6,1, $camY _C

2598 s3s CART COUNTER AT SOURCE sss

2608 MEAVEVALUE  SCART, 2,1, $SCRRT_F

2619 NGAVEVALUE  §CART, S,1, $ECART _N

2629 NEAVEVALUE  SCART, 3,1, $6CART ¢

260 HEAVEVALUE  GCART, 4,1, $SCART

2649 RSRVEVALUE  SCARY, 7,1, $SCRRT_¢

2659 MSAVEVALUE  §CART, s, 1, $SCART =

2668 333 WHMIRLYGIGS TO MOVE PARTS sss

2678 ASAVEVALUE  FCIG, 2,1, $TRUCKZ ipart F (e trensported by TRUCKZ
2680 REAVEVALUE  FCIC, S,1, $TRUCKD I1port H {s trensported by TRUCKD
2699 RSAVEVALUE  FgI¢, 3,1, $ TRUCK) 1part £ {s transported by TRUCKL
2700 MSAVEVALUE  FGIC, 4,1, $TRUCKS Jpart 1 (s transported by TRUCK3
2710 MSRVEVALUE  FG16,7,1, $TRUCK2 ipert € s transported by TRUCK2
big ] HSAVEVALUE  FGl8,6,1, $TRUCK) Ipart C fo trensported by TRUCK]
2 TERNINATE

2740 asezsssesunsessseansatsasnenssensnnnene

2780 » AGSENBLY LINE ¥

2760 sussassassesssansasnnnsnesnastretungs

Fed, | CENERATE VETINELL

2700 ASSIGN 2,93 Jjetation S 1g RESYS

27% TRANGFER S6R, ASH, RTRMY

2800 ABSIGH 2,6 ijstation € (v TRSKE

2019 TRANSFER GBR, TREX, RTRNM]

2020 ENTER PR, 1

28% TERNINATE

2049 tunuulluuuuutnuuuluuun

2038 RSSEMOLY LINE X

2860 vsz3ssaseseserasERTLRNsERIIILISLILIISSS

a8 GENERATE VETINE?

2000 RESIGN 2,1 jstation 1 ig ASSEYY
2099 TRANSFER S$BR, ASN, RTAIE
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2909
2910
2929
2930
2940
2950
2968
2979
2989
299
900
3010
W
3839
3040
wse
3860
3970
3080
3899
3100
3110
NN
3130
3149
k3% ]
3168
urn
3180
3199
3200
3218
28
329
3249
9239
3260
279
3209
2%
330
3318
30
339
49
3358
3368
3379
3399
339%
3490
419
428
4N
kAL
34358
3468
3478
3400
34%
IS0
asie
3520
3339
3540
3539
IS60
3579
3500
FEL ]
3600
3610

RSSIGN
TRANGFER
RSSIGH
TRANSFER
AESIGN
TRANGFER
EMTER
TERHINATE

2,2
S5, TRSX, RTRN1

2,3

§8%, RSN, RTRNL
2,4

$8R, INSP, RTRN1
PA_R,1

jstation 2 is TASKZ

jstation 3 {s REEY3

jatation 4 is INSP4

s ASSEMBLY LINE 2
SELTEESSEESESLESSERSRNSITTUSETTSICRILNR

GENERATE
ASEIGH
TRANSFER
ASSIGH
TRANGFER
ENTER
TERNINATE

vSTINEL2

2,7

SO, ASA, RTRN1
2,9

$3R, ASN, RTRNL
m_y,1

jstation

? {s ABSY?

jstation @ {e ASSYS

SEISSSSSESUSSRIERRRSERISERESSTSESRRSRIRISTLISLRSESLRISNRRISRISRELY

IMGPECTION STATION ]
CUSEETEESEISSUSSEILEERRRSINESEISITUSRIRIITISASSIISTITEAITEINLLISLS

RSSIGN
RESIGH
ASBIGH
RSSIGH
QUEUE
DEPART
TRANSFER
QUEUE
SEIZE
DEPART
ADVANCE
RELERSE
RSSIGH
TRANGFER
QUEUE
BEIZE
DEPART
ADVANCE
RELERSE
RESIGN
TRANGFER
TRANSFER
QUEVE
DEPARY
TERMIMATE

INGP

CHECK

REPAIR

PASS
SCRAP

3, Ix$STAN(P2,2)
4, X IPERC(PS, 1)
s, I ITINE(PS, 1)
€, Me$ITINE(P3, 2)
nx$STAN(P2,1)
RRSSTAN(P2,1)
e

S ISTA(PS, 1)
nX$ISTA(PS, 1)
Re$ISTA(PI, 1)
vs$
KN$ISTA(PY, 1)

4, IXSIPERC(PI, 2)

S
nx$ICTA(PS, 2)
nHSISTA(PS, 2)
NRSISTA(PS, 2)
vsé
nREISTA(PS, 2)

4, MXSIPERC(PS, 3)
e

P RTRNL, 1
nx$ISTR(PI,S)
ne$ISTA(PS, )

3insp. station

; inspection rate

jtine for inspection

jtine for repeir

jtount entering parts

jand pass

jto be checked?

jvait on the inep. facility
jseize the insp. fecility

3} 1eave the insp. gqueve

3 inspecting part

jralessse the inep. fecility
jrepair rote

jto be repaired?

juait on repairing facility
jseize the repeiring Tecilicy
}leave the gueve

jrepairing parts

jrelesse the repairing faciliy,
jscrap rate

e poart scrapped?

1T intish inspaction and return
jcount scrapped parts

jond pass

jtarAinate the transaction

ASSICN
ASSIGN
QUELE
SEIZE
DEPARY
ADVANCE
RELERASE
TRANSFER

TASX

TASK STATION

s, MRESTAN{P2,1)

jnane of the task statien

6,MX$STINE(P2,1) jtine for operstion

r

rs

s

vee

<]

P, RTRNL, 1

jvait on the fecility
jeeize the facility

3 Teave the queve
jperforn oparetion
jrelaase the Tecility
3finish and return

SSSESSNIEENNISTATSEINSSRTISIRRTSIUSTRINEETTSEIISEICSEISESRIBASE
ASSENBLY STATION ]
SERIISRISTASEISSLISESSCISUSESUNEIERISESRITUSICEINISACSSISURININGS

s
ASH ASSIGN
RESIGN
RESTON
RESICN
ASSICH
QUEUE
ASSICN
ASSICN
ASSICN
ARESIGN
ASSIGN
OUEUE
TRANSFER

PRO

V1889 02:04:38 Page 5

8, M4STAN(P2,1) jnane of the station
7, M$61AN(p2,2) ;no. ef pert types requires
6, MX$STINE(P2,1) ;aswendly tine
8,1 3 index for pert type
9,2 3 index for units of pert
r3 juait on the facility
8,2 jpoint to nent type
9,2 jpoint to next no. of unite
S, NHSSTAN(P2,PR) ;part 4d
10, EPART(PS,1) jnane of part
28, NH$STAN(P2,PY) jnunber of units of part
(21 . juait to get parts
SOR, TAKEP,RTRN2  jget ports

D-14
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3638
3640
3654
3668
3678
3660
3699
3700
37ie
3720
37368
740
3Irse
3768
arre
3769
7%
3800
3010
J820
3839
3040
9650
3960
3870
3890
38%8
3900
3910
3929
393¢
3949
9950
3968
e
3968
3999
1900
4010
409
403
4048
4030
4068
4@
4989
4099
4100
4119
4129
1%
4148
41358
4168
44179
900
419%
4208
421
4228
2%
4249
4230
4269
4279
4200
429
4300
4310
4320
439
4340
4350

}Yeave tha queue ,
jreceived all perts red d7
;seiza the factlity

jleave the queve
jassenbling ports

jrelessa the fecility
jreturn to the

ll'llll‘llllltlllll"lll!'l'lllll"It!l‘lltl‘lllgljjggnglllilll

lll.ill'll'll‘lllllllll’llll.l.lll..ll‘llll‘ll...l..l'll.ll..'l
NXSPART(PS,2),1,PULL jpull or push node?

javailable 2= req’d
jtake units requested
jreturn

jnane of cort fer the part

;ovailable o raquested?
jtake units requested
jsignal use of ports
jreturn

3/18/89 02:04:38 Page 6

calling stastement

jrequested - sveileble = unfilled

jtake rensining ‘o
signal vse of p#r

:lﬂ: full cert availeble?
jtake § cart

jnaka parts available
javailable 2= wnfilled?
jtake unfilled unite
juignal use of parts
jreturn

jchack §f coart anpty
jtarninsta the transaotion
jsignal to order

jany full cert availe
jtake 1 cort

jnake parts availsble
jterninate the wrensection
jnane of the vahiele
jnoving tine

juait on the vehtsle
jseize the vehiele

ble

Jjlaave the queve
jnoving tha esnapty eort
jralesse the vahiele
jeigna) to get & full oort
jassign pert id

jessign nens of the sart
jorder a cart of ports
jreceive & cort
jterninste the teansection
i indexn for o full sert
juait on a full eart

juhather a ful) eort {s svailaeble

jtake 1 cart

1 1seve the quave
juait on the vahiele
jsatze the vehicle

3 leave the quave
jnoving the full esrt
;ralesss the vehiele

} incresse inventery Wy 1 cort

jtarninete the trensection

jnone of menuf. eel)
jeetup tine of o sort
jnanuf. tine of @ port
juait on the feaility
jno. of parts in & nﬂ.
jno. of itens types feQ d
1 index for iten typd
jindex for unite of itan

DEPARY P10
LOOP 7,PAD
SEIZE P3
DEPART P3
ADVANCE 213
RELERSE P3
TRANSFER P,RTRN1, 1
. INVENTORY CONTROL
TRKEP TEST E
PUSH  TEST GE 5:1@,P29
LERVE 310, P20
TRANSFER P,RTRNZ2,1
PULL  RSSIGM 30, MX$CART(PS, 1)
TEST GE $210, P20, NEEDC
NINUSP LEAVE 010,P20
SPLIT 1, USEP
TRANSFER P,RTRN2,1
NEEDC RSSIGN 20-,8510
LEAVE 110,5:10
SPLIY 1, USEP
T1€8T CF §230,1
LERVE 39
ENTER 810, NX$CSIZE(PS, 1)
TEST GE $310, P20, NEEDC
LEAVE 519,P20
SPLIT 1,UsEP
TRANSFER P,RIRN2,1
USEP TEST § §210,0,ENPTYC
TERAINATE
ENPTYC SPLIT 1, 0RDERY
TEST CE $339,1
LEAVE 238,1
ENTER 910, NNSCSIZE(PS, 1)
TERNIMRTE
ORDERL RSSIGM 26, MHSFEIG(PS, 1)
RSEICN 36, RNSNTINE(PS,1)
QUEUE P26
SEIZE r2¢
DEPARY P26
ADVANCE Vi3
RELERSE P26
sPLIT 1,BET1F
ASSICH 12,r8
RESICN 15, AMSSCART(PS, 1)
GETIC TRANGFER SBR, NFC,RIRNI
ENTER 18,1
TERNIMATE
GETIF ASSIGH 31, NXESCART(PS, 1)
OUEUE 31
TEST GE $231,1
LEAVE 31,1
DEPART (<)Y
SENDIF OUEUE r2¢
SEIZE P2¢
DEPART P26
ADVANCE (7373
RELERSE P26
EMTER $30,1
TERNIMATE
lllllllllllllllltllllllllllllill‘llllllllltll.ltl!llllll!.‘l
. BAMUFARCTURING CELL
tllllllllllllll‘lltllllll!ll!lllllll'llllltllll.ltllllll'll.
W ASSICN 13, MX$CELL(P12,1)
AESICH 14, MX$CTINE(P12,1)
ASSICH 16,MH$CTINE(PL2, 2)
OUEVE P13
ASSIGN 7, IH$CSIZE(P12,1)
CARTQ ASSICM 17, MK$ITEN(P12,1)
RESICH .0
ASSICH 3,1
PARTO RGSIGN €,2

jpoint to naxt type
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4360 ASSIGN 9,2 jpaint to next no. of units
4378 RSSIGM S, MH$ITEN(PL12, PB) 3 id of the iten req'd
4380 ASSIGH 10, MX$PART(PS, 1) jnane of the {ten
4390 ASSICH 20, MRS ITEM(P12,P9) junits of the iten req'd
4409 QUEUE Pid juait on the {tens
4410 TRANSFER 6BR, TRKEP, RTRN2 jget {tens
! 4420 DEPRRT [41) j leave the queuve
4430 LoopP 17,PARTQ 1loop Tor nent ten type req’d *
4448 LooP ?7,CARTQ jloop for next part to be nade
4458 FAC SEIZE P13 jsaize the Tecility
4468 DEPARY P13 ; Jeave the queue
“n ADVANCE Vsid joet up fecility
4489 ADVANCE VERTINE jnanufecturing
4498 NTINE FVARIABLE Val68nKECSIZE(P12,1) ;mnenufecturing tine
4509 RELEASE P13 jrelease the feacility
45168 TRANSFER P,RTRNI, jnanufacturing conplete

ORIGINAL PAGE IS
OF POOR QUALITY
D-16



